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1. EXECUTIVE SUMMARY

1.1, ARKEMA CROSBY PLAMT DESCRIPTION AND HURRICANE HARVEY EVENT

Arkerna Ine, {Avkema) owns and operates the Arkema Croshy Plant (Crosby Plant], located i Harris County,
Texas. The facilityis located at 18,000 Crosby Eastgate Road, 3.5 miles northeast of Croshy, Texas along U.8. 940,
Figure 1-1 shows the locatiow of the Crosby Plant.

Figare 1-1, Crosby Plasd Losation near Crashy, T

Arkema is registered undey Texas Conunission on Environmental Qualivy {TCEQ) Customer Number (O8]
600124044, The Crosby Plant is registered undey TCEQ Regulated Entity Number (RN} 100210301, The Croshy
Plant operates wider New Source Review [NSR) Permit No. 6271, Federal Operating Permin {Title V) No. 1554,
and several registered and unregistered Permit by Rules [PBRY).

The plant produces liguid organic peroxides that are used primaily inthe production of polystyrens,
polvethylene, polypropyvlene, PVCand polyester reinforced fiberglass. and acrylic resinst, Many of the lHguid
products are stored in stacked pallet-based small containers and must be refrigerated to maintain produet

stability:

Ehttpf feewwarkema-americas comJen farkemna-americas funited-states foroshytufindeschimd

Yich, 1L ]
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O the night of August 25, Hurricane Harvey made landfall between Port O Connor and Port Aransas, Texas a5 a
major Category 4 hurricane, Harvey subsequently moved northeastward toward Houston and Harrls County,
ultimately hecoming a tropicsl storm. While the winds assodinted with Harvey were substantially reduced after
it came ashore, Harvey became stuck i & meteorologioal anmnaly, hovering over the Houston and Southeast
Texas areas for days, and depostting torrential rainfall in the area.

Arkema’s Croshy Plant is located in o rural ares of Harvis County approximately 25 miles northeast of Houston,
The Croshy Plant satin the "bulls-eye” of Harvey's torrential downpours. Figure 1-2 shows the locationof
Hurricane Harvey bn pdd-afternoon on August 26, 2017.% The National Weather Servien has reperted that a rain
gauge in the Cedar Bayou watershed, which indudes the Croshy Mant, measured a total of 5188 inches for the
Harvey event, which marked a new record single rainfall event in the continental United States, and which
exvepded the average yearhe rainfall of 49,77 ot George Bush Intercontinents! Afrport. The extrome rainfall
assoctated with Hurricane Harvey resulted in anprecedented fooding within Harrls County, the Cedar Bavon
watershed, and the area avonnd and including the Crosby Plant,

Figure -3, Hurvicane Hirvey Sugust 36, 2017, 14565 Hours

Fhtps:/ fww sepmwtnbe.com fwatch B pRPIgROCU Do

s Moddeting
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The Crosby Plant has well-defined, standard opevating procedures for the storage of organic peroxides at the
facility, The plant's operating procedures include 8 hurricane preparcdness plan and a Stovage Building Limits
and Safety Guidelingy ["SBLSG™ procedure, which Inchudes guidelines concerning the ase of refrigevated traflers
in an emergency situation, Such as where primary and secondary [backup) power is unavailable to the factlity’s
refrigerated warehouses. During the extreme flocding caused by the Hurricane Harvey event, the rising
floodwaters made it impossible for the plant to maintain primary power ar emergency backup power, as well as
to be able to deploy its lguid nitrogen emergency cooling system. All of the organic peroxide products requiring
refrigeration ultimately had to'be moved into refrigeratad teallers. Bventally, however, even the refrigeration
systoms on these trailers fafled, causing the organic peragides inside thent to slowly warm and begin to
decompose. This decomposition and the fires that yitimately resulted were four of the five air zmissions events
reported at the Croshy Plant. The fifth emissions event was caused hy overflow from bwo wastewsaber storage
tanks at the facility, These amissions events are described i more detail in Section 2 of thisreport.,

1.2, MODELING REPORT ORGAMIZATION

Arkema fled separate initial and final incident reports onding using the State of Texas Eovivenmental Blectronic
Reporting System (STEERS) for each of the five emissions event incidents, which described the causes, actions,
and reported release quantities. Arkema s submitting this modeling analysts in response to the TCEQ's
September 26, 2017 request to provide air quality dispersion madeling of emissions associated with reportable
emissionsevents {TCEQ Incident Nos, 266756, 266771, 266778, 267578, and 267679; Investigation No.
1438846) to evaluate the of-property air quality impacts due to the event releases. A copy of this Septémber 26,
2007 requestis included a5 Appendix Al

Consistent with the emissions event modeling checklist included with the TCEQ modeling reqguest, this vreport
contains the following information:®

¥ Project Overview,;

= FEmissions event Descriptions

= Constituents Bvaluated
¥ Plot Plan and Area Map;
¥ Alr Dispersion Modeling Desoription
Modeling Emissions Iventory
Stack Parameter Justifications
Models and Modeling Techniques
Bisperston Options;
Building Wake Effects [Downwash];
Reveptor Grid;
Meteorological Date;
¥ Modeling Results;
= Monitored Background Concentration Data; and
¥ Electronic Files

% & %

& % # ¥

The remainder of this report provides responses to all of TCEQ s requested information as well as the results of
the dispersion modeling of each event and comparisens to applicable National Ambient Alr Quality Standards
(NAAQGE), State Property Line Standards, benchmarks with which TCEQ Is familiar [Effect Sereoning Levels
FESLs] and Alr Monitoring Concentration Values JAMCVs])

PTCEG Enisgiovs Bvents Modeling Checklisy dated December 2014,

g it i
£ Modeling
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2. PROJECT OVERVIEW

This section of the report containg a description of the emissions events reported by Arkema, a description of
the emission calowlation methedology for each event, and a discussion of the constituents and applicable alr
guality standards and benchmark levels evaluated in this analysis,

4.1, EMIBSIONS EVENTS DESCRIPTIONS

Arkema repavted five air emissions events that occurred at the Croshy Plant between August 29, 2017 and
September 3, 2017 rhat were directly attributable to the record precipitation smounts assocated with
Hurricane Harvey.

Two types of emissions events took place resulting in five accidental releases caused by an Act of God and alr
emissions of chemicals assodiated with productand by-product streams. The first event was due to a rainfall-
retated overflow of an organic material from two waste water storage tanks, The other four emissions events
that eccurred were alsg due te flooding but were the resuolt of the loss of refrigeration intrailers where
contatners of organdc peroxide products were being temporarily stored, The prodocts warmed and vltimately
decomposed inan exothernle vaporization, and latey ignited (e, s avesult of heat generated in BEvents 2 and 3
or as s controlied ignition in Bvent 5 and burped along with the traflers themselves,

Each event is described in detall in the following subsections. The emission calenlation methodology is provided
i Secrion 2.2, and emission calowdations ave provided in Appendix B, Model inputs are included i Appendix C A
plot plan showing the lecation of each event is included in Section 3.

2.1.1. Event One (Incident Number 267578): Wastewater Tanks {14-T-2A/28) Overflow

Z2.1.1.1. Description

The water levels in two waste water storage Tanks 14T-24 and 14-T-2B at the Crosby Plant {Emission Point
Number [EPN] WWTANKS) are usually maintained ot around 50809 of tank vapavity, butthey were drawn
down well below theirusual operating levels in preparation for the hurricane. During the event, a5 §s normal
practice and permitted under Underwater Injection Contrel {1HC) permits WDW1222 and WIWZ30,
stormwater that fell on the process areas was pumped into the tanks, and o addition, ratnwater fell divectly into
the tanks. Arkema continued o operate its disposal wells to draw down the tank levels during the event but
evel time, the injection rates coudd not keep up with the amount of water being pumped- into the tanks from the
processareas and the vainwater falling divectly into the tanks. The aperation of the disposal wells and the
pumps in the process areas ceased.altogether when power was no longer available at the site on the night of
Sunday, Augnst 27, After pumping ccased, the tanks continued to accumudate large anwounts of rain water that
fell directly into the tanks’ open tops. The raimwater eventually caused both tanks o overflow through thelr
overflow pipes into the tanks” secondary containment dike. At or around that time, however, the plant had
gecurmulated a sufficient ameunt of Rosdwater to overtop the approximately four {4 foptcontaimment dike
aroutd the tanks. This led to the release of the wastewater into the larger volume of oedwaters within the
plant as shown in Figure 2-1,

Both tanks contained organiv material that was Hghter than water and thus floated atthe surface of the tank
contents, These organic layers, which consisted of residust organies snd mineval spirits, sre believed to
comprise most of the material that overflowed during the event,
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Flgure 34, Evont One Floodwaters Sueface Sres Lovation to South of Wastewater Tanks

2.1.1.2. Duration

The tanks overflowed o Angust 29, 2017, at approgimately 123:00 hours. The end of the event s estimated to he
18:06 hours, which was the lastrecorded rainfal! at the nearest weather station. Therefore, the duration of the
sventis estimated to be six {6) hours and six (6] minutes.

2.1, 1.3, Emissions

The wastewater tanks overflow resulted in emissions of odorless mineral spirits, various volatile organic
sompownds {(VOCsY that are listed in Section 2.2, water, and active oxygen from organic peroxides. ir emissions
from this event resulted from evaporation of portions of the mineral spirits and residual organdes from the
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floodwaters, which were reported by the vide-out crew to have flowed toward the south fenceline of the Crosby
Flant doring the event,

2.1.2. Event Two {Incident Number 267679): Organic Peroxides Storage Trailer No. 1
Combustion

2.1.2.1. Description

Emissiors Bvent 2 ocourred after refrigeration was lost by vefrigerated Trafler No. 1 located near Building

Mo, 21, This led to organic pereside product decomposition, ignition, a five at the trailer, and an alr emissions
velease. At this point the plant had been evacuated for safety reasons upon the orders of the Unified Command,
which corisisted of the TCEQ, United States Envirpnimental Protection Agency (U5, EPAY, Harris County Pollution
GControd Services Department, and others. As s resalt, the tratlerand products were allowed 1o burn to
completion. Figure 2-2 shows the lpcation of Event 2 and Trailer No. 1.

Figare -2, Bvent 2 Trailer Mo, 1 Locatien near Building $21

2.1.2.2. Buration

The reftigerated tealler contents decomposed and emitted In.a vapor stream at the vear of the trailer-for
approximately 30 minutes from 02:00-02:30 bours on August 31, 2017, At approximately 230 hours, the tradler
contents and trailer ignited and burned from approdimately 82:30-04:00 hours with the total emissions event
estiuited to have ksted two (2 hours.
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2.1.2.3. Emissions

Emissions from this event resulted from decomposition of 2 portion of the products stored in the trailer and
combustion of the remaining products, product packaging, and trafler components, The emissions from the
event include: oxides of nitrogen (NOy), carbon monoxide (007, sulfor disside (80:), particulate matter (PM), PM
with an asrodynamic diameter equal to or less than 1 micrometers {PMagd, PM with an accodynamic diameter
erqad b or less than 2.5 micrometers [(Fas), hydrogen flooride (HE), lead {Pb), and various VOQs that are listed
in Section 2.2,

2.1.3. Event Three {Incident Number 266756): Organic Peroxides Storage Trailers Nos, 2~
3 Combustion

2.1.3.1. Description

Emissions Bvent 3 occurred after refrigeration was lostin refrigerated Trailers Nos. 2 and §, located near
Building No. 27 as shown in Figure 2-3, Like emissions Event 2, this lod to organic peroxide product
decompasition, ignition, 3 five at the trailers, sod an air emissions releass, Also ke emissions Event 2, the trailer
and products were allowed to burn to completion,

Figars -3, Event Threes Trailers Mos 2 and ¥ Location near Building $27
S £+
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2.1.3.2. Duration

The comtents of two refrigerated traflers decomposed and emitted in 2 vapor stream at the rear of the trailers for
approximately 30 minutes from 17:00- 1730 hours on September 1, 2017, Atapprogimately 17:30 hours the
tratters’ contents and the traflers ignited and burned from spproximately 17:30-12:00 hours with the total
enisstons eventestimated to have lasted two {23 hours,

2.1.3.3. Emissions

Emissions from this event resulted from decomposition of a portlon of the products stored in the traflors and
combustion of remaining products, product packaging, and trailer components, The emissions from the event
include: NGy, €0, 50, PM, PMyp, PMys, HE Ph, and various VOUs that are lsted in Section 2.2,

2.1.4. Event Four {Incident Number 26677 1) Organic Peroxides Storage Trailers Nos. 4-9
Product Decomposition

2.1.4.1. DPescription

Emissions Bvent 4 nccwrred after refrigeration was lost in six trailers (¥os 4-9) located in the northéast portion
of the plant site as shown in Figure 2-4. Like emissions Bvents 2 and 3, this led to organic peroxide product
decomposition. However, unlike pmdssiong Bvents 2 and 3, this decomposition did not lead to aute-ignition and
no fire sccurved during emissions Event 4.

Figure 2«4 Bvent Fouy and Five Trallers Bos 3% Configuration

ah
]
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2.1.4.2. Duration

The product decomposition is estimated to have begun on Septernber 2, 2017, at 1437 hours, and continued for
edeven (117 hours, ending at 117 hours on September 3, 2017

2.1.4.3. Emissions

The peroxide decomposition resulted in emissions of various YOCs listed in Section 2.2 that are the koown
decomposition products of the types of organic peroxide products helisved to have heen stored in Tratler Nos, 4-
G

2.1.5. Event Five {Incident Number 266778): Organic Peroxides Storage Trailers Nos. 4-9
Combustion

£.1.5.1. Description

Emissions Event 5 occurred when the Unified Cormmand and Arkena elected to cause 2 contyolled ignition of the
remaining six traflers {Nos, 4-9), which resulted in the Initiation of & five that was allowed to burn o completion.

2.1.5.2. Duration

The refrigerated traflers were ignited at 1540 hours on September 3, 2007 and burned for a total oftwo 2]
hours.

2.1.5.3, Emissions

Brmdssions front this event resulted from combustion of products stored in the trailer, product packaging and

VOUs that are listed b Section 2.2.

2.2, EMISSION CALCULATIONS

This section includes a doscription of the emission caleulations performed for vach emissions evont. Detailed
emission calcalations were submitted to TCEQ on Qutober 13, 2017, and an npdated emissions sumimary
inctoading modeled emission rates is included in Appendix B to this report.

2.2.1. Event One {Incident Number 267578); Wastewater Tanks {14-T-2A/2B) Overflow

As explained i detail in Section 27011, the loss of power and the scomulation of rainwater in the open tops of
Tanks 14-T-24 and 14-7-28 resolted In the overflow of the organic layer in beth tanks. When this material
dratned to the containmaent grea around the tank, it mixed with the Bood waters that breached the secondary
contalnment from outside and fowed towards the south, Some ampunt of the organic material volatilized from
the water, resulting in airemissions.

The amount of the orgawic layer that everflowed was estimated as follows:

¥ For Pank 14-T-24, the tank organiclayver was measured before and after the overflow, The volume ofthe
overflow was caleulated from the thickness of the crganic layver and the tank dimmeter,

= ForTank 14-T-2B, organic laver thickness measdrements were not available, however, an estimate of the
volumne of organics was based on the known typlcal waste water organies generation rate at the Crosby
Plant,

3G
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The composition of the organic material is hased on historical waste profiles.

For the emissions eventoriginally reported into STEERS, Arkema conservatively-assomed the entive quantity of
the organic materiad refeased from the tanks volatilized to the stmosphere. Avkema also conservatively assumed
that the entire quantity of the organic material released from the tanks was also reléased to the Rood waters, Le,,
nonie remained within the secondary containment basin, Based upon & more somplets veviow of the event
prdertaken for this report, Arkema has revised the emissions estimates in order to more acourately represent
estimated eroissions associated with a relatively steadl organic release into a very large veolume of flood waters,
The updated emisston caleulations are induded in this report and submitted to TCEQ under separate cover.

Emissions of the tank overtlows were modeled using Toxchem™ Version 4.3 from Hydromantis Environmental
Software Sehutions, Ine. Toxchem utilizes fate and transport mechanisms for spectficalr contaminants into
process-specific mass balance cguations. Emissions from the tank overflow are modeled based on the quantity
of vrganic material released to the flood waters. Emissions of alr contaminants cecur due to volatiization of
contaminants from the air-water interface. The rate of volatitization is related o the comtaminant concentration,
vapor prossure, solubility, dimensions of wastewater process vessel, and environmental factors such as wind
speed and temperature. Al applicable Toxchem modeling files are cluded in Section 7 of this report.

The release arpa was vepresented as a lagoon with dimensions of L35 meters {m] deep, 100 m wide, and 400 m
longextending from the wastewater tanks to the southern property line of the facility. Flood waters entered the
lagoon area at an estimated rate of 1,097,862 gallons per minute {gpm) based on an estimated velocity of 1 mile
per hour (mph] of flood waters moving across the site. Added to the flood waters were organics from the tank
overflow ab a rate of approximately 9.8 gpm for a resulting total flow of 1,097 872 gpim. The resulting mixture
was modeled in Toxchem using ambient temperature and wind speed from the Wallisville Road C617 (EPA Site
Nes, 482000617} monitoring site, This approach defines the areaof the emissions sventand captures the
maximum conventrations and highest emission rates from the release. Downstream of the defined area, the
mixture concentration was very fow, resulting in a much lower emission rate. Therefore, the caleulation and
madeling methodology utilized evaluates the highest emission rate on g pound per howr {Ih/hir) basis. Table 2-1,
helow, lists the constituents emitted from the wastewater tank overflow alr emissions event.

Tabis 21, Emisgions Beent Ose - Donstituenis Emined

Constituent {AS N,
T-Arayl Alcahol 75-85<4
T-Buiyl Alcohol T5-65-0
D-T-Butyl Peroxide 110-05-4
DTyl Peroxide 1O508-09-5
2.5 Dimethyl-2,5 [ {T-Butyl Peroyy) Hexane FG-63-7
Ethyl Benzeng 100-41-4
Maphthalene {Crude Or Refined) 91-20-3
1. 2:4 - Trimethytbenzene 95-H3-H
Hydrotreated Heavy Naphtha 54742489
Mineral Spirits
Haphtha, Hght aramatic GE742-95-6
Kylene, mixed isomers 1330-20-7

Yigk, I L0S
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2.2.2. Event Two (Incident Number 267679%): Organic Peroxides Storage Trailer No, 1
Combustion

Einissions from BEvent 2 are caleulated using mass balance, TCEG guidance, and U5 EPA AP-4Z emission factors.

Emissions from the decomposition of organis peroxides stored in'the tratlers are based on the quantity of each
arganic peroxide product stored on the trafler, an estimate of the velume of peroxide that decomposed prior to
combustion, and the amoeunt of peroxide decomposition products combusted In the fire.

The combustion process is represented as a flare, and NOy and CO omissions are calodated according to TCEQ
guidance.* Based on TCEQ guidanes for combugtion events that do not satisfy 40 CFRG0.18, n 93 percent £56)
destruction efficiency {DRE) Is assumed for perexide decomposition products.® Pavticulate matter emissions are
caleulated based on .50 EPA AP-42 emission factorg®

Ermnissions from the combustion of the tratler, the containers storing the peroxide products, pallets, apd the
tratler vefrigeration unit are based on' U8, EPA AP-42 emission factors.” Emissions of HE are based onthe
composition and quantity of the refrigerant used in the refrigeration unit and 2 conservative assumption that sl
fluorine was converted to HE

The hattery in engine of the trailer refrigeration unit burned in the fire and emissions are represented as
secondary lead processing in blast furnaces. Pavticulate and lead emission factors are based on AP-42 emission
factors.® Sulfor dicxkide {80;) emissions from cormnbustion of sulfuric acid in the battery ave esthmated assuming
alt salfur fromesulforic acd is converted to S0z Note that since the original STEERS enissions evert report was
filed, erissions of HF and lead have been added hased on information concerning the combustion.of the
refrigerated traller components and battery, and a calewlation error was corrected that had previously
wnderestimated the guantity of organic peroxide combusted in the fire,

Emissions from diesal fuel stored in trailey fuel tanks ave based pn the estimated quantity of fuel stored and (LS,
EPA AP-47Z emission factors.?

FTCEG publication RG-260A/11, Techive! Supplemernt 4 Flares Table A7, Alr or Unpssisted Flare, Low Btu {Revised
January 2017,

STCEG publication RG-3604/ 11, Tecfmical Supplement 4: Flures {Revised Febirpary 2012%

115, BPA AR 42 Chagrer T3.5, Misceflanemus Sogrees - Inshastrind Flares, Table 13.5-1: Heavily Smoking Flaves
{Dspember 20186].

TR BRA AP-4Z Chapter 2.5, Solid Waste Disposad ~ Open Burning, Tabled 51 Bnvission Factors for Open Burning of
Municipal Refuse, factors for Automuobile Components {October 19911

BUL EPA AP-4Z Chapter 1E11, Metollurgieal Industry - Recondary Lead Processing, Table 12.11-%: Emission Faetors for
Seeondary Lead Provessing {Qcinber 1%86],

TILE. BPA AP-42, Exeernal Combustion Sourves ~ Fuel Of Combustion, Tables 1.3+1 and 1.3-2: Nea. 2 il fived (1-01-005-010, {1+
02005017, {1-03-005-01) for €0, ROy, PM, PMyg, PMus, and 50 Table 1,323 - hadustrial boilers, Distillate ofl fired {1-02-
065-07 /02 203) For VO {May 20101,
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Table 2-2, Emissions Byept Twr - Constitpenty Bmitied

Constituent £AS No.
Monane 111-84-2
Nonene 124-11-8
M5 58551-17-7
Acetone H7-64-1
Avetophenone 98-86-2
2-Ethyl hexanol 104-76-7
2-Bthyl hexanal 123-035-7
Ethane F4-84-8
Hydrofluoric Acd 7664343
Lead 7439-92-1
{43 G30-38-
MO 1102440
PM -
PMn
Piies

S0 FAAH--5
Unelagsified VOO s

2.2.3. Event Three (incident Number 2168756 Organic Peroxides Storage Trailers Nos, 2-
3 Combustion

Hinissions from Event 3 are caleulated using wiass balance, TCEQ puidance, and U.S EPA AP-42 emission factors,

Emissions from the decomposition of svganic perogides stoved i the tratlers are based on the quantity of each
organic peroxide product stored on the traller, an estimate of the volume of peroxide that decomposed prior
combustion, and the amount of peroxide decomposition products combusted in the fire.

The combustion process is represented a3 g Hare, and NOy and €0 emissions are calealated according to TCER
puidance® Based on TCEQ gnidance for combustion ¢vents that do not satisfy 40 UFR 60,18, 2 93 percent (%)
destruction efficiency [DRE) is assumed for peroxide decomposition products,t Particulate matber emissions
are calculated based on 115, EPA AP-42 emission factors.®?

Emissions from the combustion of the trailer, the containers stering the peroxide products, pallets, and the
tratler refrigeration unit are hased on LS EPA AP-12 emission factors. ¥ Emissions of HF are based on the

RTERQ publication RG-360A/ 11, Techalodd Supplementd: Flores, Table &7, Alr or Unassisted Flare, Low Bin {Revised
Fanuary 2017,

B TEEQ publication RG3604/ 11, Techaice! Sipplement -4 Flores {Revised Pebruary 2012).

LR BPA AP 42 Chapler 13,5, MisceHaneaus Sources — Industrial Plares, Table 13.5-1 Heavily Snmoking Flares
{Decenber 2016).

YL BPA AP-42 Chapter 2.5, Solid Waste Disposal - Open Burning, Table 2.5-ToEmission Factors for Open Burming of
Municipal Refuse, factors for Autombobile Components (ctobey 1992
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composition and quantity of the refrigerant used in the refrigeration unit and a conservative assumption that all
fluorine was converted to HE

The hattery in engine of the trailer refrigeration unit burned in the fire and emissions are reprosented as
secondary lead processing in blast furnaces. Particulate and load emission factors are based on AP-42 emidssion
factors.t Sulfur dioxide {80} emissions from combustion of sulfuric acid in the battery are estimated assuming
all subfur fromesulfuric acid is converted to 502 Note that since the original STEERS emissions event report was
filed, emissions of HF and lead have been added based on information colicerning the combustion of the
refrigerated traller components and battery and a calculation srvor was corrected that had proviously
underestimated the guantity of crganie peroside combusted in the fire.

Emissions from diesel fuel stored in trafler fuel tanks ave based on the estimated gquantity of fuel stored and U.S.
EPA AP-42 emission factors 38

Tabde 2-3 Emdssbons Byent Three - Constitoenis Bumitted

Consttuent CAS Mo,
Monane 111-534-2
Nonene 124-11-8
oMS Buss1-177
Acetone 67 -6d-1
Acetophenone 98-B6-2
2-Ethvt hexanal L4 TR-7
2-Ethyt hevanal 123-05-7
Ethane F4-84-0
Hydrofluaric Acid 766H4-349-3
Lead TAR9-92-1
0 HAN- 080
B 10102-44-0
M -
PMa e
PhMus -
SO T446-09-5
Unclassifed VOO o

2.2.4, Event Four {incident Number 266771); Organic Peroxides Storage Trailers Nos, 4-9
Product Decomposition

Emisgions from Event 4 are caloulated ysing mass balance. Emizsions fram organic peroxides stoved ob the
tratters are based on the guantity of cach organic peroxide product stoved on the tratlers; an estimate of the

LR BPA AP-42 Chapter 1211, Metullrgivel Industry - Secondury Lead Frocessing, Table 12.11-%: Emission Factors tor
Seeondary Lead Provessing {Ociober 1%86],

YBUS BPA AP4Z, External Combustion Sources ~ Fuel OF Compbustion, Tabdes LA and 13-2: No. 2 ol fived [1-01-005-011,
{1-02-005-01 ), {1-0%-005-01) for G0, NOg, PM, PMis, PMas, and 50u Table 1.3-3 » Industriad botlers, Distillate ot fired {1~
DE-005-01 702 7031 for VOO {May 2010)

Z-H3
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vatume of peraxide that decomposed, and the decomposition products known to be assoctated with those
peroxide products,

Table -4, Brnissions Event Pour - Domstituents Enilted

Constituent LASNo,
Izsohulane T2 85
Isobutene 115-11-Y
Organic Mineral Solvent {OME] a8551-17-7
Acetone &7-64-1

2.2.5. Event Five {Incident Number 266778); Organic Peroxides Storage Trailers Nos, 4-9
Combustion

Emissions from Bvent 5 are caloulated using mass balance, TCEQ guidance, and {15, EPA AP-42 einission factors,
Emissions from the decomposition of organic peroxides stoved in the traileérs are based on the quantity of sach
organic perogide product stored in the trailer, 2n estimate of the volume of perogide that decomposed priorto
combustion, and the amount of peroxide decomposition products combusted i the five. Note that since the
original STEERS emissions event report was filed, a caloudation ervor was corrected that had previously
underestimated the guantity of crganic peroside combusted in the five.

The combustion process isrepresented as a flare, apd NOx snd €0 emissions are caleulated according to TCEQ
guidance. s Based on TCEQ gdance for combustion events that do not satisfy 40 CPR60.18, 5 93 percent {%)
destruction efficiency {DRE) is assumed for perexide decomposition products.®? Particulate matter emissions
ave calewlated based on LLS. EPA AP-42 emission factors)®

Emissions from the combustion of the trailer, the containers storing the peroside products, pallets, and the
tratler refrigeration unit are hased on US, EPA AP-42 emission factors. ¥ Emissions of HF are hased onnthe
compositionand quantity of the refrigerant used in the refrigeration unit and a conservative gssumption that all
flugrine was converted to HE

The hattery inengine of the trailer refrigeration unit burned in the fire and emissions are vepresented as
secpndary lead provessing in blast furnaces. Particulate and lead emission factors are based on AP-42 emission
factors. ™ Sulfur dioxide {S0:) emissions from combustion of sulfuric acid in the battery are estimated assioning
all sulfur from sulfuric avid is sonverted to 530;, Note that since the original STEERS emissinns event report was
filed, emdssions of HF and Jead have bean added based on informotion concerning the combustion of the

1 TURQ publication RG-350A711, Technical Supplement 4 Flares, Tabile A7, Aly or Unussisted Flare, Low Btu {Revised
fanuary 2017).

PTERQ publication RG-3684/ 11, Techniond Supplement 4: Flores {Revised Fehruary 2012}

LS BEPA AP 42 Chapter 13.5, Misceflaneous Sources ~ Iwhovteiol Flores, Table 13:5-1: Heavily Smoking Mlares
{December 2016}

LR BPA AP-42 Chiapter 4.5, Solid Waste Disposal - Open Burning, Table 2.5-1: Emission Factors for Upen Burning of
Municipal Refuse, factors for Automobile Components {October J99EL

HALS BPA AP-42 Chapter 1431, Metaflurgical Industey ~ Secondory Lead Provessing, Table 12.11-2: Emission Factors for
Secondary Lead Pracessing {October 1986].

wsby Plant Erndasiong Daent Sadeling
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refrigerated trailer components and battery, and a calculation error was corrected that had previously
underestimated the guantity of organic peroxide combusted inthe fire.

Trailers Nos. -9 were assumpd to have consumoed all in-tank diesel fuel prior to the fire.

Table 2-5 Emdssions Bvant Five - Constitients Emitted

Constituent CAS Now
Monane 11i-R4-2
MNonene 124-11-8
Isobutane F5-28-5
isobutene 115117
nepropano ¥1-23-8
a-propanal 123-38-A
seo-butansd T8-9L2
seo-butanone 7843-3
OMS BHS51-17-7
Acetone G57-H4-1
Acetophenone 98-86-2
2-Ethyi hexann! 104-76-7
2-Ethyl hexanal 123-08-7
Ethane 74-84-0
Hydrofluorie Acid T664-33-3
Lead T439-92-1
0 6303-08-0
MOy HH02-44-0
PM -
PMy -
Phas e

50 F446-09-5

Unelassified VOO

4.3, CONSTITUENTS EVALUATED AND APPLICABLE STANDARDS

Empacts fromeall speciated constituents described in Section 2.2 are compared to NAAGS, State Property Line

Standards, AMCVs, or ESLs, as applicable. Bach of these benchmarks is described below,

2.3.1. NAAQS

NAALS have been established for nitrogen dioxide {NOg), £0, SO, ozone, PMus, PMas, and Ph For the purposes of
this emissions event modeling, comparisons were made to the NAAQS standards for the constituents that were
identified as being released in any or all of the five air omissions events. As all of the air emissions events were
less than swelve {127 hours in length, comparisons are made to the short-term standards in all cases. Applicable
NAAQS are sumumarized below in Table 2-6.

Confidential Business Information
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Table 2-6, Short-Term NAAGS for fritoria Al Pollutants

Primary and Secondary
Averaging NAAQS
Pollutant Period {pg/my
co T-hour 40000 L35 ppm)?
' B-howr 10,000 {9 ppmt
MO -howr LR {100 ppb)®
50, 1-hour 196 (1075 ppm)
A-hour 1380 405 ppm}t
24-hour R65 (K14 ppm)te
Piso 24-hour 1568
Phlzs 24-hour 358
Pl S-month? 0.15

Not o be excesded taore than once peroalendar vear
Triterhn S proposed fn clification messorandanm from Me, Tyler Fox to Reglonal Aly Divigion Birectors,
Applicedility of Appendis W Bodeling Guithiree for the 1-hour B Nationol Ambient Air Quolity Steviderd, fune 28,
2016,
* The Soyear average of the 98 percentile of the daily maximun 1-Honr average.
4 dnterism SHLoproposed in carification menwrandum from Me Tyler Fox to Reglonal Alr Division Divectors,
Anpdoalility of Appendiy W Modeling Guidunce for the $-haur $O: Notional Anthisnt i Quatity Standurd,
Angust 23, 20140,
P US BPA revoked vhe 24-houy and annual SOz NAAQS onfune 2, 2010 {75 FR 33540, Primary Notiona! Ambisot
Alr Quality Sviderd for Sulfr Diaxide; Fingd Rule]. Thase standards remain i effect until one vear after an area
ix desigbated far the 2000 standard.
¢ Notto be sxceeded more than three thmes iy 3 conseontive years.
U5 EPA promulgated PMes SHs Significant Menitoring Concentrations {SMOSY, and PED Invrements oo
Ocrober 20, 2000 {75 FR 64864, Prevention of Sipaificuns Deterisration (RS for Pervivalots Mutter Less Than 2.5
Micrometers fnorements, Stgnificant Inpect Levels (1L} and Sigrificont Mordtoring Conventration {SMCE Finol
Bule), The Silas amd SMU became effective on Becember 20, 2000 {Le, &0 davs after the rule was published in the
Federal Repister) and the PED Incvements became effective on October 20, 2001 (Le., sueyear after the date of
promulgarion]. On Janwary 22, 2003 the PMy SILs were vaoated/vemanded and thie SMO wis vacated by the U5,
Caurt of Appeals for the District of Columbia Cireuin
o The evear average of the 8% percentile.
Based on a 3-month rolling average.

2.3.2. State Property Line Standard

Title 30 of the Texas Administrative Code {30/ TAC) Chapter 112, Control of Alr Pollution from Salfur Compounds
specifies a State Property Line Standard for $02 as suwminarized below in Table 2:7,

wsby Plant Erniasions Daent Sadeling
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Table 2-7, 8te Property Line Blandords

Follutant

Avemg. ng Perigd

Standard {ug/m)

50z

30-mint

7157

Per TCEG pubdance, the mudeled H1H vonceéntration for the L-hour

averagiog period v used o compare 1o the 30-minute S0x standard.
© Srandard thavis applicable v Barnis Conbty per TORQ Al Quality

Madeling Guidelines, APDGE2320E, Revised Spril 20158, Table B-3,

2.3.3. Health Effects Analysis

Adr Monitoring Concentration Values [AMOVS) and Effect Screoniing Levels (ES1s) apply to emissions of
speoiated constituents, Modeled concentrations of these constituents are compared to AMCVs, Favailable. if o
AMCY is available, the modeled concentrations are compared to ESLs® Ag all of the afr emissions events were
less than twelve (121 howrs in length, comparisons are made to the short-term AMCVs or ESLs inall cases.
Speciated constituents emitted from the previously-summarized emissions svents slong with applicable AMCVs
and BSLg are sutmnarized below in Table 2-8. All short-term AMUVe and ESLs are based on a $-hour averaging

period.

2 Based on information obtained doring phene call between My, Matthew Korvar, TUEG, and Mr Curtis DeVors, Thinity
Consultants, on October 9, 2017,
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Tabhle 2-8 AMCVs and B8ls

STAMCY 12 ST ESL 12
Constituent LAS No. {pg/m*) {pg/m3)
T-Avavl Sloohnl 75-85-4 - 320
P-Bubyl Aleohel 75050 e 620
Di-T-Butyl Peroxide 110-05-4 = 103
Di-T-Amyl Peroxide 10508-09-5 10
2.5 Dimethyl-2,5 D {T-Bunyl 78637 e 100
Peraxy) Hexane
Ethyl Benzene 100-41-4 86,000 26,000
Naphthalens [Crude Or Refined) 91-20-3 504 443
1,24 - Trimethylbenzene 95-63-H 15,000 4,400
Hydrotreated Heavy Naphtha 64742489 3,800
2-Ethy! hexanal 123057 e 1,400
2-Ethvl hexano} 104-76-7 - 544
Avetone H7-B4-1 26,000 7800
Acstophenone 98-86-2 - 490
Ethanet T B3 Simple Asphyyiant Simple Asphysiant
Isabutane 75-28-5 78,000 23000
Ispbuitens 115-11-7 620,000 TERL,000
Nomne 111-84-2 16,000 4800
Nonene 124-11-8 e 5R08
n-propanal 123-38-5 1,800 G2
n-propanocl 71-23-8 - 2460
sec-butanot 78-92-¢ - 30008
sec-hidanone 78933 59,000 18000
Hydrotiuoric Acid 8 7604333 o 3
Odorless Mineral Splrits (OMS) 68551-17-7 - 3500
Naphtha, lizhtsromatic 647 42-950 o 4400
¥ylene, mixed isomers 133-20-7 - 2200

Per the medeling reguest letter dated Septenber 26, 2017 (ncluding the Emissions Beents Modeling Checldist
dated December 2316}, for bealth effects analyses, mude] results showld be compared o the Alr Monitoring
{onparison Values (AMOYS), if available. (Otherwise, model results shoubd be compared to the applivable Effect

Sereening Levels {ESLs)

The' Short-Term (ST) AMCVY is based on the T-hour averaging perioed and is health-based. The AMCVsare obtained
frons the TCEG Toxdelty Factor Database
{httpe/ Swrenw 17 fosgdenas.goy ftamis/ ndesefmMussactionshome welcome) svoessed on Ootober 3, 2007,

The Short-Term (8T ESL ix based on the T-hour averaging peviod and is health-based for all componnds except

for the o

wands where the odor based {T-Amyi Alcohel, Naphthalene, and n-propanal} ov plant ~basad {HE)

regtrictive, The BSLs are obtalned from the

ESL i3 e Tantvity Factor Database.
{http:/ feawel 7 toegptevas.gov/ ds SindexofmPuseactonshome weloome ) accessed on Ootober 2, 2017,
4 Rimple asphyiants do not need o be evaluated in health offects analyses.
4 The agHouitural ESL is used for BF based on the lamwbase ansdysis perfermed o the areaof the Crosby Plant.

s, NG,
CHpiby Cong
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3. AREA MAP, PLOT PLANS, AND MODELING SCHEMATICS

This section inclades the Hgures desertbed below. The coordinates {n all figures arg given in Universal
Transverse Mercator [UTM) Zone 15 North American Datum 1983 (NADS3)

# Plot Plan - Figure 8-1
= Depicts the location of the property line and the emission points evaluated in this analvsis,
¥ Avea Map - Figure 3<2
»  Deplcts the property Hoe as well asa visualization of the surrounding area and an inset to show the
velative location of Crosby to Houston.
»  Modeling Schemativs - all modeling figures showing the model-depicted buildings, receptor grids, and land
use informationrare in Section 4-of this report. Concentration plots are presented in Section 5 per event.

s, N
rinihy Consult
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Figure 3-1. Arksuna Croshy Plapt Plot Plan
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Figure 32, Arkeasa Croshy Plant Avea Map
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4, AIR DISPERSION MODELING DESCRIPTION

This section containg a description of the alr dispersion modeling methodology performed as part of this
analysis.

4.1, MODELING EMISSIONS INVENTORY AND SOURCE PARAMETER JUSTIFICATIONS

Ag described above In Section 2.1, five distinct alr emissions events took place at the Hurricane Harvey-flopded
Crosby Flant Hach ovent took place separately and did notoverlap with other events in terms of emissions and
potential impact on ambient air quality. To model these events, Arkema reviewed source types that are available
in dispersion models and determined which options best represent each event, including the emissions
transport and dispersion in the atmosphere. Bach emissions event is described helow along with the method of
characterization that is used in the modeling analysis. For each event the total event-specific or sub-ovents
specific emdssions described in Section 2 were assumed to be constant over the thne peried that the event took
phace. The toval emissions were divided over the number of hours and minutes that event ok place thus giving
A mass per time used to provate the unit emissions wsed in the modeling,

4.1.1, Event One, incident 267578, Wastewater Tank Overflow Event

As described in Section 2.1.1, the rain associsted with Hurricane Harvey caused an alr ensissions release
associated with the wastewsater tanks overflow that occurred srcAugast 29, 2017 from 12:00 to 18:06 hours
COT (11:00 to 17:06 hours C8T), The air velease ocpurred when the heavy rains caused the two wastewsater
traatment tanks [Tank Nos 14 T-2A and 14-T-2B) to fil] and everflow, The sverflow of wastewater containing
mineral spirits and other facility wastes ran down the side of each opentop tank via an overflow pipdand inte
the normally adeguate containment grea {ares surrounding by berms). Because the containiment area had
already been breached by flood waters, the wastewater was released divectly inte the flood waters that flowed
through the site. Thereafter, the flood waters rose sufficiently high that the train embankment to the south end
of the plantwas also breeched, and the waters drained slowly in that directon and the depth of water at the site
showly decreased. 22

To model this event, the overflow on the top of the flocd waters are modeled asan area source as described
below.

¥ 12:00 to 18:06 hours COT ~ The two tanks overflowed and together resulted in dissolved-phase of mineral
spivits and other materials in of the Hoodwaters surrounding the contalnment ares,

= With the train embankment located to the south and sputheast being compromised and waters Rowing
out of the Croshy Flany, the impacted surfiace area of the flood waters are assuned to be tothe south of
the wastewsater tanks,

#=  The direction of flow is a3 indicated in Figure 4-1 and the size of the affected surface area (s 3ettoa
40,000 m? surface water phone as deploted 1y Figore 2-1.8

#  This is modeled a5 an elevated area source at theapproximate height of the flood water which was
greater than the height of the contatnment bevims, Le, ot L35 m above the ground surface,

#« The Source ldentification in AERMOD s WSTWTROV,

2 Fyowitness obmervation hy Arkema emploves at the Crosby Plant on Auguse 29, 2007

e surkave Srea coversd by the wastewater was a smalér aped than that of the whole Booded ared giventhe Hmited
movement of the surface waters over most of the event duration.

wsby Plant Erniasions Daent Sadeling
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Figure -1 Lovation sl Birection of the Wastewater Spill in Event One

4,1.2. Event Two, Incident 267679, Storage Trailer No. 1 Burn Event

As described n Section 2.1.2, Emissions Bvent ¥ poeorred after refrigeration was lost in refrigerated Trailer No.
1, near Building 21, resulting in the organic peroxides to decompose, ignite, and burn the traller contents and
trailer structure, This event socurred on Atgust 31, 2017, hetwoen 02:00 and 0400 hours CDT (0700 v 03:00
hours CSTY Decomposition with assoclated releases ina vapor form took place in the first 30 minutes of the
event After decomposition, the materials igaited and the ensuing Bre burned ol materials and the traflerin
approxtinately 90 minules.

This event is represented by two slightly overlapping sowrces in terms of the timing of the events and the
associated emissions:

o D2:00 vo D230 howrs CUT- The decomposition process aftey the loss of refrigeration in Trailer No. 1 takes
place and a visible plume with Timited plome rise omanating from thedoors at the end of the trailer. This
end is facing Bullding 2L
#  Thisvapor release is treated as a pseude-point source {Bource 1D EVZTRLRY meaning that measured and

assumed parameters are used o chavacterize the release dameter, temperature, and velozity,

Arkmrmg, B
Tripiby Lo
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# The release has hot gases {decomposition of organic peroxides is exothermic] atan estimated
temperature of 792 Kelvin (K) (midpoint of the highest acceptable storage teruperature of 310.9 K 100
degrees Pahrenheit (FY] and its estimatoed fame temperature of 1,273 K (1,832 "F.2

»  The release has o gas exit velovity of 1.16 m/s.98
The release s assumed to fill the cavity of the tradler and then push open the tratler doors due to the
built up pressure. The plume sizeat the base of the vapor plume was estimated at about 1.2.m {based on
plume base puff observations in Bvent Three).

#  The height of release is the height of a typical trailer at 14 feet (1) (4.27 m). 3%

= All decomposition emissions were assumed to be emitted in the 02:00 hour.

¥ 023010 04:00 bours CDT ~ The vombustion portion of this event is characterized asz o hot psesde-point
source which is defined for purposes of this analysis as 4 spurce that Is cansidered as 8 point source withs
footprint of release sed equal to the size of the area of the fire (at its full burnd.

»  The Trailer No. 1 fire is treated as & psewdo-point source {Source 1D EV2FIRE).

» The release ts 2 fire with an estimated flame temperature of L273 K {1832 "F1L¥?

#  The release has a gas sxit velocity of 5.4 my/s.3® Bee Rection 4.2.3 for details.

# The burn velease is assumed to be over the width of the tratter and spilling out tos fow meters on either
side as the trailer and its contents were consumed. The pseadospoint source diameter was measured at
approximately .24 m {based on the footprint of the trailer firel.

# The height of release is taken as the average of the height of a typical trailer at 14.f (4.27 m), which is
the base height of the fire in its carly stages and the ground at #§ ft, Lo, an average height of 7 ft
£2.13 m}2

= Burmn emissions took place in 1.5 hours, thus, event fire emissions were disgtributed over that thne
peripd.

4.1.3, Event Three, Incident 266756, Storage Trailers Nos. 2 and 3 Burn Event

Asdescribed In Section 2.1.3, Emissions Event 3 occtirred after refrigeration was lost in refrigerated Trailers
Nos. 2 and 3, near Building 27, resudting in the arganic peroxddes to decompose, ignite; and burn the trailer
contents, This oocurred on September 1, 2017, between 17:00 to 19:00 hours DT £15:06 to 1B:00 hours ST}
Decomposition with associated releases ina vapor form took place in the first 30 minutes of the event. After that
amount of decomposition, the materials ignited and the ensuing fire burned all materials and the trailer in about
30 minutes.

* ARRSCREEN User's Guide, BPA-454/B-16-0304, UL Environmental Protection Agency, Rexeareh Triangle Park, NG,
Deceinber 20086, pp 13,

35 Based on an ilentified single puff change i heipht from one tine step teanether {valonlation perfonmed multiphe times

toreonfitm the plume vised and sealed with known heights of aemhy struetures for the Event Three decomposiiig plume;

Event Two was af sight with no vides coverage but the decompagition events wers assumed to be similar,

Fhttps: f fwwwalallasnewscom s fharvey /2017 09701 flarpe-Tire-vepurted-looded-chamdeal-plont-near-houston])

“htips:/ fopsfowadotgov/freight /pablications /size regs final_rpt/

7 AERSCREEN User's Guide, EPA-454/B-16-0114, 115, Eovironmental Protection Agency, Research Triangle Park, NG,
December 2006, pp 13,

Shased onan identified single pulf chasge in haight from one time step to another {ealoulation performed multiple timesio
vontivm the plume rise wnd scaled with kaown heiphts of nearby stroctures forthe Event Three five plume: BEvent Two
was at night-with hovides coverage bul the burn events were assumed to be ximiar. {See Footnote 25 For viden url).

2 hittpe /ops Bovadotgov ffrelght/publications/size regs Hual rpt/f
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This event is characterized by two slightly overlapping sources in terms of the timing of the event and the
associgted emissions. These will inclode:

B 1700 w1780 hours COT - The decompusition praocess after the loss of refrigeration in Trailers Nos. 2and 3

takes place and two vmbk piumcs with Hmited phone rise emanating from the end of the trailers.

& These two tratler vapor releases are treated as two point sources {Source IDs EVITRLZ and EVITRLE)

¢ Bachrelease has hot gases {decomposition of urganic peroxides is exothermic) at an estimated
temperature of 792 K (midpoint of the highest acceptable storage temperature of 3108 K [1007F] and
an estimated fame termperature of 1,273 K {1,832 ¢}

= Each release has a gas exitvelocity of 116 m/fs?

#  Bach releaseds assumed to (il the vavities of the trailers and then push open the trailer doors dus to the
boiltup pr@%ure The plume size at the hase of each one of the vapor plumes was measured at
approximately 1.2 m {based on plume hase puff observations).

= The helght of release is the beight of a typloal srafler ab 14 £ (.27 m) 2

s Al decomposition emissions were assumaed to be emitted in the 17:00 hour and were equally divided
between the two sources,

B 1730 1019:00 hours COT -~ The combustion portion of this eventis characterized as a combined (hoth
traflers combined because thoy are so near cach othor) pseudo-point source which is defined for purposes of
this analysis a8 a source that is considered as a point spurce with a footprint of release setequal to the size
of the area of the five (at its full burn).

#  The Traflers Nos. 2 and 3 fire s treated as a combined psendo-point source {Seurce IDEVIFIRE]

s The release s o fire with an estimated fame temperature of 1273 K (LE3ZTFL

= The release has a gas exit velocity of 5.4 m /s See bection 4.2.3 for dutails

# The burn release is assumed to be over the combined widths of the two tvatlers and spilling put to a fow
meters on either side as thetrailers and #s contentswere consunied. The pseudo-point sbree diameter
af the two trailer fire was measured at 13.44 w (hased on the combined footprint of the two-trailer fire).

#  The height of release is taken as the average of the height of 2 typical trailer 38 14 fr (427 m) which is the
base height of thefire n ity carly stages and the ground at 0 £t Lo, an average height of 7 {218 m) &

s Burn emissions took place In L5 hours, thus, event fire émissions were distributed sver that time
period.

HAERSCRELEN Users Guide, BPA-454/8-18-004, UL Bnvironmental Proction Agency, Rexeareh Triangle Park KRG,
Decermber 2016, pp 13,

* Baxed on an Identsfam single puff changs in height from ooe time step to ancther {ealonlation performed mump & Hutes bt
cottfirny the pluine rise] and sealed with known heights of nearby structures for the Event Three decompusing ploms. (See
Fouinote 25 for vides el

Hitips:f fopsfhwadotgov/eight/peblications fsize, regs final_rpt/

¥ AERSCREEN User's Guide, EPA-454/B-16-0i)4, 115, Eovironmental Protection Agency, Research Triangle Park, NG,
December 2006, pp 13,

Hased onan identified single pull change in height from one time step o ancther {calowiation performethnultipls tmes 1o
confivm the plimne rize] and acaled with known helghts of nagrby structures forthe Event 3 five pline, {See Footnote 25
far video url

5 hittpe / ops Bovadotgov fTreight fpublications/siue regs finagl ypt/

ik, B Lroshy
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4.1.4. Event Four, Incident 266771, Storage Trailers Nos. 4-9 Product Decomposition

Asdescribed in Section 2.1.4, Emissions Bvent 4 ocourred after refrigeration was lost inthe six Tratlers Nog, 4-9,
located fn a vacant area within the Croshy Plant to the north of all major operations (with no structures other
than the trailers nearby), resulting in the decotnposition of the organic peroxides stored in trailers, This
emisslons event occurred on September 2, 2007 at 14:17 howrs CDT £13:17 bowrs CSTY and continued for 11
howurs ending at 81:17 hours COT [00:17 hours C8T) on September 3, 2017, Only two of the trailers were
chserved to have decompogition products emitting froms the rear doors of the trallers {Trailer No. 5 and Traller
Mo, 8) during the event?% This event'is represented by two vapor plumes, one sach from the rear doovs of
Traiters Nos. S and 8

#1417 hours on September 2 to U017 howrs on September 3 (3 total of 11 howrs) - The decompaosition
process after the loss of vefrigeration in Traflers Nos. 4-9 takes place and two visible phumes with only
limited phune rise emanate from the end of the traflers.

s These two trailer vapor reloases are treated as two point sources (Source 1Ds EVATRLS and EV4TRLS)

« Bach release has hot gases {decomposition of organic peroxides is exothermic) at an estimated
temperature of 792 K (midpoint of the highest accepiable storage temperatipe of 3108 K {100 Fland
irs estimated flane temperature of 1273 K {1,832 1)

s Each release hag a gas exit velocity of 116 mfs. 3

#  Hach release 15 assumed to fill the cavities of the two trailers and then push open the trailer doovs duc to
the built up pressure, The phuone size at the base of éach one of the vapor plumes was measured gt about
1.2 v {based on plumse hase puffobservations by Event Three as no useful video footage of this event
were found}
The height of release is the height of a typical fraller at T4 B {427 m1™

# Al decomposition emissions were assioned to be emitted in this eleven howr time period and were
equally divided between the two sources.

4.1.5. Event Five, Incident 266778, Storage Trailers Nos, 4-9 Controlled Burn Event

As described in Section 215, Emissions Event 5 occurred after refrigeration was lost in the six Trailers Nos 49,
located in a vacant area within the Croshy Plant to the north of all major operations {with no structures other
than the traiflers nearby), resulting in the decomposition of the organic peroxides represented in Bvent 4. Due to
the instability of the produects and as agreed to hy TCEG, U5 BPA, Harris County Pollution Control, and Arkema,
a contralled ignition and subsequent five was Initiated in all six traflers and allowed to burn to completion. The
refrigerated trallers were ignited at 1540 CIT on September 8, 20007 and hurned for a toral of twe (2) bours
{1440 to 140 hours CST)L The fire burned all stored materials and the watler structures in shout 120 minutes.

Pueto the extreme heat and size of this fire as well as observed vertical phumes, this eventis characterized by a
large pseuda-point source.

¥ 15440 to 1740 hours CDT- This eventis combustion of the sy trallers and their contents, The event is
characterized as three combined pseudo-point sources to account for the pogsitions and distributions of the

% Byewitness ohservation by Arkemna pmplovee ab the Croshy Plant on September 3, 2017

27 AERSCREEN User's Guide, EPA-454/B-16-004, 1.3, Envirenmental Protection Agency, Research Triangle Park, NG
December 2006, pp 13,

2 Based on an idenfied single pulf change in helght from one doe step to ansther (Calcolation perfrmed multiple times w
confivm the phume rize) snd acaled with known helghts of negrhy structures forthe Event Three decomposing plume.
Azsumed to be sintlar 1o Event Four decompesition plunes. {See Fantnote 25 for video wrll

B hittpe/ops Bovadotgov fTreight fpubhlications/siue regs final ypt/
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trailers. As seen in Figure 2-4, Trailers Nos. 4, 5, and & are located v g group t the east in the area. Trailer

No. 7 is on g diagong] spaced from the other tratlers, and Traflers Nos. 84 are positiongd together to the

west in the area, Thus, the trailer fires are combined in those groupings. Eachi pseudo-point seurce s defined

as oneof these groups with a footprint of velease setequal to the size of the area around each groupof
trailers for the fire {at its full burn). The inputs are describad below.

# Three groups of trailers are defined:
< Traflers Nos. 4, 5, and 6 are treated a3 8 combined pseudo-point source (Source D EVAFIREL)
<o Trailer Noo 7 s treated as 2 pseudo-point souree [Souree 1D EVAFIREZY,

o Trailers Nos. 8 and 9 are treated as a combined pseudo-point souree {Source iD BVSFIRES).

# Hach pseudo-point source has an estimated flame teaperature of 1273 K {1,832 "0

#  Each pseudo-point sowrce has a gas exitvelocity of 5.4 m/s.% See Section 4.2.3 for details.

= Each pseude-point sourcegroup of burning traflers is assigned a different combined diameter to
represent its snigue footprint which considered the footprint of the trailers as well as the nearby
spillage of materials as the fires progressed from trailer-only to adisintegrating tratler on cither side ag
thetrailers and their contents were consumed. The pseudo-point digmeter of the individual groups of
trailer fires wers
< Traflers Nos. 4, 5, and 6 diameter of 16.8 .

o Trafler No. 7 diameter of 8.2 m,
o ‘Trailers Nos Band 9 diameterof 134 m.

# The height of release is taken as the average of the helght of a typical trafler at 14 # {427 o), whichis
the base height of the fire in its early stages and the ground st 018 Le, an average height of 7 it
{213 m}2

= Burn smissions took place in 2.0 hours and were for the event total. Thus, the total event emissions were
seated by 50% to cach bour and scaled again based on the number of trailers in each group. Thus:

o Traiters Nos. 4, 5, and 6 at 50% of the total emissions distributed over two hours,
@ Trafler No. 7 at 16.7% of the total emissions distributed over two hours,
o Traflers Nos. 8 and 9 at 33.3% of the total emissions distriboted over two hours.

#  Beranse of the overlap int whole hours {1740 versus 17:00 for example), and due to the limitation of
ABERMOD anly modeling full one hour fime steps, the total pvent gimission rate divided by the duration of
the event {2 hours] was processed for each of the three hours of meteorology to be certain the
meteorology and emissions were considered colncidentally. Thus, hours 1500-1600, 1600-1700, and
1700- 1800 were all modelad to ensure conservativeness,

4.4 MODELL AND MODELING TECHNIQUES

4,2.1. Model Selection

A number of models were considered to performm this ambient impact assessment considering the nature of the
event enmiissions releases, the reguired characterization of cach event (vapors, comibuistion, strfice areas, ete),
the duration of the events, and cormmonly acceptable models for regulatory modeling. Somgmodels may be
appliecable because of thelr prior use in emergency releases ke U8, EPA’s Donse Gas Dispersion Model

S AERSCREEN User's Guide, EPA-454/B-16-004, 1.3, Envirenmental Protection Agency, Research Triangle Park, NG
Decembar 2016, pp 13,

Hiased onan identified single pull change in height from one time step to ancther {calowiation performed multipls tmes 1o
confivm the phune rize) snd acaled with known helghts of nagrby structures forthe Event B five'plume. Aszunmied fo be
similar to the Bveant Five plume vise rates. {See Footnote 25 forvideo urll

A hitps/ fopsthwadotgoy/frelght fpublications/size_regs final ypt/
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{DEGADISY and Lawrence Livermore's SLAB model, but both aredesigned for denser-than-alr releases rather
than the buoyant or nentrally buoyant plume releases that resulted from the Arkema emissions events, Arkema
also considered more shnplistic models [Le, AERSUREEN) but determined that such models did not provide the
refinement reguired. The current regulatory model, AERMOD, can handle many types of sources and was
thought sppropriate and representative of the Arkema sources,

Therefore, this gir dispersion modeling analysis uses the AERMOD model in its most current version as released
by U8, BEPA, Version 162160 which was released on January 17, 20017, 2.8 115, BPA issued an update to i3
modeling guidance in the form of the Guidsline on Air Quolity Models, which was published on january 17, 2017
and reported viag the US, BPA technical website, 546

4.2.2. Unit Emission Rate Modeling

Because the concentrations are directly proportional to the emissions in.dispersion modeling. a2 unit emission
rate of 1.0 g/s is used in 2l modeling, Where event emissions were only on o total per gvent basis and not
differentisted betwesn trailer vapor streams, fires, or groups of tratlers, the unit emission s appropriately
suhdivided between the contributing sources as per a'weighting related to the amount of materiasl engaged in
the svent For example, see the last bullet in Event 5 in Section 4.1.5 for a description of this distribution.
Thereafter, the caloddated emissions were assigned o g vonstituent by constituent basis using a spreadsheet to
pro-rate the contributions and male the final concentration estimates per eventand per chemdeal constituent.

4.2.3. Decomposition Vapor and Fire Plume Velocities

Because both the decomposition vapor and burning scenarios in Events 2 through 5 are asseciated with a vising
plume from a psendo-point source, the vertical rise was calcudared using the relative height of individual puffs
within each plome over a short daration of thme. The technigue that was used for either the vapor plume or the
fire case was to observe video footage of the event with the most available feotage, namely, Event Three which
established that the decompasition avents were stmnilar as were the fires in tevms of phume vise and ohservable
smuke. The vertical rise was based on an identified single puft within the plumes and its change inheight from
one time step to another (calcalation performed multiple times to confirny the vertieal risel. To determine the
heights of the puffs a side view of the plumes was determined and scaled with known heights of nearhy
stractures,

Asarexzmple, the Event 3 vapor phume is prosented in Figure 4-2 where the calowlation of vertical rise was
dietermined from the 4 m (13,1 /) tracing of a pudf over a tme poriod of 3.44 seconds §51) resulting ina vertical
riseaf L.16m/s {3.8ft/s)

Likewise, the Event 3 fire plume was measured and the vertical velocity of the plume measured over a3 similar
time step. Bignre 4-3 shows this plume where the caloulation of vertical rise was determingd from the 109 m
[35.7 1) tracing of & pulf over o Hime peried of 2.0 seconds, resulting in a vertical rise of 54 m/fs (178 ft/8). To
determine if the vertical rise was representative of the shape and height of the plumes, the Event 3 five was also
modeled with a three dimensional receptor grid in AERMOD. Figure 4+4 shows the resulting phome which is s

H Stated by 1.8, BPA 1o be part of the docket st Docket 1D Ne. EPA-HQ-0AR-201 5-03 1 and avallable as of date of sulunittal
of this protovoel,

 Qupgrort Ceniter for Regpulatory Al Models, bitp://wwewepagov/tin/soramy dispersion_prefrec im#aermod
 Appendic Wk Port 31 -fruddeline on A undity Models, Pederal Register Vol 82 Ne. 10, January 17, 2017, pp 5182-5235.

Shopport Ceater for Regolatory Alr Models, hitp/ fwwwospagov/tinfsoram/
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reasonzble representation of the sctual Event 3 fire plume. The srientation of both Figures 4-3 and 4-4 are
Tooking north.
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Figare 42, Event Three Decomposttion Plume?

»Figare 4-F measurements ave in Adobe inches and wars scalpd to fort using the scaled height of the traflers at 14 B vesulting {n o scalar of 9 f/inch.
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Figure 43, Event Thres Flee Plume Looking Naorth

Figured-4. Byvent Thres Pire Plume 30 Modeling Besults Looking North
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4,2.4. Coordinate System

The locations of emission sourees, struetures, and receptors ave represented in the appropriate zone of the
Universal Transverse Mercator {UTM) coordinate system using the North American Datwm 1983 (NADBZ). The
Croshy plant and ol modeled roceprors are located in UTM Zone '15.

4.2.5, Terrain

The terrain elevations for each receptor, downwash structure, and emissions source were determined using
United States Geologieal Survey [USGS) 173 arc-second National Elevation Data (NED). The NED, obtained from
the USGS, provides terrain elevations at approgimately 10 meter resolution. ¥ The AERMOD tervain provessor,
AERMAP {version 11103}, was used to assign the interpolated terralt height for each source, receptorand
structure included in the moedel.

i addition, the NED elevation files were used in AERMAP to compute the hill height scales assoctated with each
receptor. While seombig to be an {rrelevant calenlation for the area around the plant which has very little
elovation change (in the 14-16m range acvoss most of the area), the computation was nonetheless engbled to
allow the AERMOD mode! to best determine the effects that any elevated tervain would have on the source
plumes. ABRMAP searched all nearby-elevation points for the terrain height and lecation that has the greatest
influence om each receptor {generally the highest point in the area) and uses that fo determine the hill height
seale for each receptor. AERMOD then uses the hill height scale yorder to select the polnt where a plune may
divide between going around a terrain feature and lofting over the feature, Very few terrain features ave noted
in the Crosby Plant avea but elevations were inchuded, nonetheless.

4.3, DISPERSION OPTIONS

in order to determine whether the urban or rural dispersion option was appropriate forthe Crosby Plant
epissions event modeling, Arkema characterized the land use surveinding the Croshy Plant This data is
important in determining the applicable boundary laver characteristics that affect a model's calendation of
ambient concentrations.

The method used to determine the orban or vural status of the area around Arkema is called the "land use”
technique because it examines the varions land uses within three (3) kilometers (ki of the Croshy Plant and
guantifies the percentage of ares in various land use categories. In the land use method, the land use withina 3
ki radius of the Crosby Flant was analyzed using the land use scheme described by Auer {19781, Using this
methodology, the Croshy Plant would be considered urbhan i the Table 441 land wse types 1L 12, €1 B2, and R3
were 50 percent or more of the area within the 3 ki circle, otherwise it would be rural, Following this guldance,
2011 land vse data {nost recent available) were obtained from the USGS thropgh AvcGlS, and athree (33 ki
radius crcle inscribed clectronically around the Crosby Plant.#* All data were gooreferenced and tabulated
using the categories shovwn in Table 41 for urban and rural degignation.

Figure 4-5 shows the layoutof the land use where greens, yellows and browns are farmiand, farests, snd
grasses, pinks are non-urban developed lands, and red and dark red are urbay sreas, Table 4-2 shows the results
of this land categorization process. As can be seen, the area is predominantly raral by an-overwhelming margin

it/ feevewanrlegov/vievesris/

Hogner, I, AL Corrglation of Land Use and cover with Meteorplogival Anomalies, Jonranal of Applied Meteornlogy, 1715%L pp
636-643, 1978,

. http:y fervwesiariogev/visweris/
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at 95.5 percent. Therefore, the AERMOD air dispersion modeling included in this analysis uses rural dispersion

options.
Table 41, 2011 NLLD Categories Ve Auer Urban /7 Bural Categories

203 3 NLLE Lo Comverr ClassiBioation ey Lasd- Use £ mssitication Bayah or Urban
11 Cypery Wty AX Woater Sulboes Ruesl

2 Fepomsl oo/ Rnaw A% Woatey Surfaces Rural
3! Deveboped. Cpen Space A¥ Kotmpabian MNatoral Hueal
2 Preveloped, Low lndensiiv #1 Cosrsron Hesidentiad Bural
23 Plovelped, Modiom lateity IR OLBL R s Conmaereit Compact Bosidential Lirhan
4 Provekipsl, High Totaneity 15,1200 R RS Pmmseoial Compast Residontist Usban
31 Frarren Land A% Fgidawelped (T St Bural
£ Prviduats Fores A Endivetopaid (W Goded) Rural
42 Tivergicany Feanant A4 Einde v dbigd (Wikedodd Ruest
43 i Fovegs Ad Undevelopad (Wooded) Prural
32 Blioaby Boinh A3 Undeyahopud {6 X Rural
71 Lrmnslnd A3 Undeveloped {Cransee Shuulsy Tl
3 PastureHay A2 Agrionttural Biral
42 Lultivaied Urops A2 Agricubiveg] Rural
X Woody Watlads Ad Uhdevelopad (Waooded)y Burl
pd Frvergend, Herbasoonug W etlagdg A3 Uindiowaloped (Thansen Bl Rinkad

Figure 4-5. Mstribution of band Use within 3 km of the Droshy Plam
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Tabls 4-2, Crosby Plant Yrban/Ruval Determinastion

Pervent Land Calegorization
ArctE Analpsis Results for Arkemo
Cat;&gm’y Eategory Descripiion Percent

11 Open Water RS
2 Peveloped, Ppen Space 6:5%
22 Devaboped, Low Infengity 3.5%
23 ievelnped, Medium Intersity . 7%
24 Dreveloped, High totensity 349
ki Barven Land 0.0%
E3 ] Decidunus Fovest 1%
42 Evergresn Fomst 165
43 Mived Fotest S
52 ShrtehBerub A%
71 Grassband/Herbaveous 1.5%
&1 Pasture/Hay 50.1%
B Outtbuated Drong 1.8%:
94 Waoondy Wetlands 17.3%
) Ernergrnt Herbacesns Widiands {1.5%

Tutal 1%

Lrhan 4.5%

Famal 95,545

4.4, BUILDING WAKE EFFECTS (DOWRNWASH)

The purpose of & building downwash analysis is to determing if the phuie discharged from one of the vapor
velpases ixinfluenced by the turbulent wake of any ongite bulldings or other structures inclading the traflers
themselves, resulting in downwash of the plume. The downwash of the plume can resultin elevated ground-
Jevel concentrations in the near wake of 3 buillding and is required for consideration in the modeling.

The U.8 ERPA’s Bullding Profile Input Program {BFIFy with Flume Rise Mode! Enhancements {FRIME] {version
04274, are used to account for building downwash influences on the decomposition vapor releases in Bvents 2,
3, and 4 Neo downwash is included for the combustion events muodeling given the high heat of release and little
video evidence suggesting that building downwash influences should be considered.

Table 4-2 shows a summary of all downwash stturtures included fn the modeling analysoes, excluding the traflors
which ware added to each scenavio as appropriate and as showg in Figures 2-2 through 2-4. Hach trailev is
assigned typical dimensions of 53 ftlength {1615 m), 853 ft width [2.6 m), and B4 frhigh {427 m}). The traflers
were added to each ovent where appropriste because the vides evidence showed that the tratlers arted g5
downwash structures during the decomposition phase of the events.

Yigk, I L0S
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Tabele -2, Dowerwash Mrocterey Inclnded in Croshy Pl Bveut Modeling Excopt Tradlees?

Building or Anchor Covrdipate, m Base Structure
Struckure 1D East North Elevation,m  Hel ght, m
BLDGLS 3049131 33147914 15.66 R80
Wwi 3048165 331486984 1557 1220
WW2 ADAE331 331487254 1559 12.20
BLDGID 3048571 I3P4TRLY 155 580
BLDG2S 3048078 3314848 1563 457
178 3436 331485013 1852 370
17C 3048551 331485302 1561 .60
17D 3048623 331485457 15.6% 7.60
17rEs 3048435 331483502 1551 5.20
TPT34 304R45 331482772 1553 528
17022 3IMB485 331MEZ042 1555 522
17737 048768 B3L4EZLIZ 1564 307
17125 AD4EBLE 331482362 1565 518
1PTE8 3048781 331481700 15.63 345
BLDGLT 3048935 33148522 1565 1060
BLBGIS 3049149 F314824.1 1566 400
BLBG3S 3HETY 33148426 1561 4.50
BLDG24 2D4805.6 33148216 156 7.32
BLEGES Anai6s 33148055 1552 549
AT76STHR IN4TI25 3BL4TmT6 15448 510
ATTI8TH 4TI 331479107 1544 457
ATBBETK JMTILG 231479156 1543 5.48
4THUETK A047324 331479309 1548 610
4TEISTR 3047307 31480218 1555 &71
4THe5TK 3IMTSLY 331480247 15,58 544
4T87A 342 33147961 1555 549
4T77STK T89S 3314790.58 1557 457
HTEH75 AB4743.4 331479027 1553 549
ATTIRTRZ 3047538 33147H0.68 15.59 3.96
4T438TK 3472 33147758 1552 520
STE2STK I4TET2 33147751 1554 520
FTI0STK 27483 33147736 1552 .20
FTR7ETK ADATRTH 33147723 1541 540
4T295TK 3047334 3F147TLE 15386 5400
FTIRETK EHETFA R FAIATING 1533 RS
ATRISTH 347302 33147674 1533 500
BLDGAA 3047HL2 3314797 1553 1160
BLDGAR AN4793.8 3314731 154 5,80
BLRGED 3089921 2314874 15.95 1770
BLDGEZ 3040833 331484432 1595 4,590
BLBGR 3050561 331472673 1564 6,60
BLDG2T 2050265 33147144 1554 4,35
BLDG 49766 33147991 1554 £.60

Firaters were fnchuded per svent as reguired w be representative of the event

Arkmmg, B
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4.5, RECEPTOR GRID

The receptor grids incluaded in the alr dispersion modeling for each emissions event follow the mast recent TCEQ
modeling guidance, which meets or exceeds the receptor grid requirements cutlined in the emissions event
madeling request letter, ™8 Each modeling analysis includes a series of nested receptor grids as deseribed
helow:

P Tight recepiors: 25 mspacing arovnd the fence line and including receptors out to 250 m beyond the fence
line;

»  Fine receptors: 100 m spacing from 250 m 1o 1,000 m beyond the fence line;

Medivm receptors: SO0 m spacing from 1,000 m 1o 5,000 m beyond the fence Hine; and

¥ Cearse receptors: 1,000 m spacing from 5,000 m to 16,000 m beyond the fence Hines

W

Figure 4-6 and Figure 4-7 show the full receptor grid used in the modeling sz well as the Innermost receptors of
the grid near the Croshy Plant, respectively.

Figure ¢-6. Fall Blodeling Recoptor Grid for the Trosby Plagt

1 ArQuality Moedeling Guideline, APRGGE3E, Alr Permils Division, Texas Commission o Bavironmental Qualite. Austin
Texas, April 2015

B Emissions avent motdeling tegnest letter dated Septernber 26, 2017, from M, Wards Omar; TEEQ Heoston Region, to My,
Leshie Comardelle Arkerna, and TEEQ Emissions Bvents Modeling Chedklist dated December 20146,
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Figurs -7, lsermost Partioa of the Modeling Grid fur the Oroshy Plang

4.6, METEQROLOGICAL DATA

Meteorological data was required 85 inputto the AERMOD model to allow the characterization of the trimsport
and dispersion of the emissions associated with each emissions event at the Croshy Plant.

In order to identify meteorologival daka most representative of the ares surrounding the Crosby Plant during the
amissions events, Arkema reviewed meteorological data collected by the National Weather Service (NWS), from
the TCEQ monitoring network [TAMIS), from the Houston Regional Monitoring (HRM) network, and from other
sites in the Crosby Plant area. Review of the sites (i the area revealed that the NWS and TCEQ sites remained
operational over the peried of record of interest {approximately August 28, 2017, through September 4, 2017}
whereas most HRM sites were lowered and/or taken offline to withstand the horricans force winds for pertions
of that period to withstand the hurricane force winds,

Based on the site progimivy, sbimtlarity of land use dnd geographical sétting, and geveral climatic featires, the
HRM Wallisville Road, Wallisville, TX station was identified a5 the most representative meteorological data set to
represent the Crosby Plant 5 As shown in Figure 4-8, the HRM Wallisvitle Road Monitor is located
approgimately 14 ki southyof the Croshy Plant, is in siinilar teerain as the Crodby Plant, i9located tnlond away
from the Gulf, and s closer to the Croshy Plant than the George Bush Intercontinental Alvport monitor {located
30 ke owest of Arkera). The Wallisville HRM site remained operational throughout the period but was lowered
from its normal 10m {328 i) height from August 25, 2017, at 06:00 hours to August 31, 2017, 10:10hours to a

Shrtp fenww 17 teegtesas gov/ s/ indegofnoasdactionsreportview_giteSsitel D=7598&sitelrder Brsname&showictive
Unly=0&showaciMoenOualy=1%frmSabs=1&ab=pics

16

Confidential Business Information ARK_TCEQ_0000415

ED_004042_00000162-00043



height of 4.27 m (14 ft). Even at this lower height the station was still operational and therefore, still useful.
Other backvard and non-certified sites were not considered for this modeling effort,

Pigure -8, Logation of the BEM Wallisville Meteorologioa! Uats Station

4.6.1. Meteorological Data Processing - Surface Data

Hourly metcovological data (wind speed, wind direction, temperature, standard deviation of wind divection
{sigma theta), and nef radiation) for the period of record of nferest was obtained from the HRM Wallisville Road
Monitor and processed along with surface data from the George Bush International Airpert {KIAH, WEAN No.
12960058 n the Stage 1 application of AERMET (Version 18216}, the Walliswille dita was treated as onssite data
to-facilitate its entry into the processor. Thus, use of the Wallisville data was abways priovitized in the
processing, Unprocessed hourly surface meteorological field data was alse ebtained from the 1.5, National
Climatie Data Center (NCDC) for the George Bush Intercontinental Alrport, KIAH for August 28, 2017, through
Septentber 4, 2017, in the standard integrated surface hourly data (1SHD, or TD-3505) format® The KIAH data
was supplemented with TD-6405 fso-called “T-minute”} wind data, processed using the Jatest version of the

% 4 of the writing of this medelinmg report, the duta collected from the FRM Wallisville Boad Moenitor as oot been validated
by the TEEG.

B fope f fRennedonoaagiv pub/data fnoaaf
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AERMINUTE one minute data provessing tood (Version 1527215 A threshold wind speed of 8.5 m/s was psed in
AERMET consistent with 1.5, EPA guidance, The Wallisville raw data was recorded in Central Standard Time
{C5T). ABRMET and AERMOD are designed toowork by Loeal Standard Thime (LT}, and this no time zone shift
was performed for the Wallisville data, The KIAH alrportdata was recorded in UTC Thus, AERMETs thmezene
shift parametor was set to subiract 6 hours from the KIAH data observation thwes i order to properly convert
them to the UST that is used by AERMET and AERMOD. Because some of the emissions event data was recorded
in Ceptral Daylight Time, when defining the startand end times for each event, core was taken to ensure thatthe
start and end thmes in AERMET and AERMOD were properly selected o match the actual start and end thmes of
the events, The “lee-Froe Winds Group” AERMINUTE option was selected and applied in AERMINUTE dus to the
fact that a sonic anemometer was installed at KIAH on June 11, 20095 Because the Wallisville tower was
lowered from its novmal 10 nyheight to .27 m during the passage of Horricane Harvey from August 25 0600
hours to August 31 1010 hours, the actual messturement beight for each hour in the period was included as part
of the raw onsite data provided to ABRMET. By reading in this data, ABRMET is able to properly account for the
fact that the anemometer height changed during the course of the storm.

Use of the lowered wind sensors from 10 m o 4.27 m is justified for the following reasons. First, anemometers
cam he atany hedght above ground as Tong as the sensords located properly on the supporting structure and froe
of pbhstructions. Many wind instrinnents at alrportsars located at heights lower than the standard 10 m and are
still used in dispersion modeling studies. As long as the height above-grade of the anemomaeter Is known and
provided to the model, the AERMOD model has formulations which can adjust the measured wind speed to the
height of each spuree release using the given height of the sensors as the base height in the caleulations,

Due to expected high wind speeds, the tower on which the anemometer and vane were mounted was lowered to
aheight of .27 mand remained at that helght throughout the modeled period for Bvent 1 of Augost 29, For the
haours at this lower height, the inputs to AERMET were adjusted te account for the height change while keeping
the height at 10 m for all other hours {this can be viewed in the surface ey provided tm TUEQ, namely,
“WALLISVILLE ARKEMALU HgtShift NoADJUSEC™).

T'o further demonstrate that the 427 m height wind speeds were applicable within the range of nearby
roughness heights, the height of the wind measurement was evaluated to determine if near-ground mechanical
turbulence distorting the wind measurements might oceur. BPA’s AERMOD Model Formulotion and Evaeluation™
document addresses this condition in Section 2 Madel Overview, As the dociiment states, AERMET and ABERMOD
use 3 required minimum wind measurement height above ground level that is equal to 7 tdmes the surface
roughness {2} inthearea. The results of the AERSURFACKE land use analysis of the Wallisville monitor focation
indicated that the highest sarface roughness value for any divection around the monitor is 0.26 meters, Thus,
using the ABRMOD 7 times zq calcilation gives a minimym acceptable anemometer helght for this location at
182 mi The 4.27 mtower height in this case is well above this minbuum valoe and thus was appropriate for use
with AERMOD.

4.6.2, Meteorological Data Processing - Upper Air Data

Uiper air migasurements are also required in the modeling in addition to' surface meteorological data. AERMET
reguires the use of data fromy an upper air sounding to estimate mixing beights and to assistin the caleulation of
the temperature and tarbulence profiles. Upper alr data from the nearest representative 1.5, Nattonal Weather

S f pacdennaaghvy pubfdatafases-onemtin

Bt/ fvwwsawsnoaagovfops Y Sarface fdocuments JIFW _statpidf

¥ AERMOU Model Formulation and Evaloation, EP&-454/R-17-001, U5 Eovironmental Protection Agency, Ressarch Triangle Park
N, Bay 2017,
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Service [NWS) radivsonde-eguipped station was utitized n the preparation of the meteorological data sets. In
this case the TCEQ upper abr station choice for Harris County used in air permit modeling and also e closest
representative upper air statton was that at Lake Charles Alrpore {KLCH, WBAN No. 03937], which is about

185 kam east northeast of the Croshy Plant. Data were obtained from the National Oceanic and Atmospheric
Administration (NOAAY in BSL {Forecast Systems Leboratory} format for August 28, 2017, through

September 4, 2017.5% As with the KIAH aivportweather data, the raw upper alr-data uses UTC as the time zons,
and thus the appropriate &-hour adjustment was applied using AERMET s time zone shift parameter.

4.6.3. Meteorological Data Processing - Land Use Analysis

A land use analysis characterizes the features that van affect meteorsdogical parameters and the modol
derivation of turhulence. Three specific parameters ave required by AERMET and are derived from the land use;
surface roughness parameter, Bowen ratio, and altbedo. In accordance with 1.5, EPA goidance, these values are
determined using the latest version of the AERSURFACE tool {version 1301617 AERSURFACE roads gridded
land use, land cover data as provided by the USGS and associates the data with representative values of the three
parameters lsted above. 3 The land use analysis is based on the maisture conditions at the Croshy Plant at the
tinie of the selected data sot {wet]. The AERSURFACE processor was run with 12, 3{-degroe sectors for
determindng the surface roughness parameters, Other specific AERSURFACE settings were used that represent
the lovatien of the Croshy Flant These settings inchuded location conrdinates, seasonal variation {summer],
avidity {non-avid], and the surface moisture determination {wet) which was just distossed.

4.6.4. Meteorological Data Processing

Following the collectinn of the Wallisville data, the KIAH surface date, and the BLCH upper air meteorological
data, the AERMET processor was usedas described above to process the Stage 1, 2, and 3 analyses. The resalts
of this provessing inchude o surface and profile files for August 28, 2017, through September 4, 20017, Bath files
are used in the AERMOD modeling. The AERMET surface, and profile files are described in Sectdon 7 and
provided with the electronic Bles.

Beeause each avent ks of findte duration over a specified period of time, all hours of meteorology that are part of
the surface and data files generated by AERMET are not processed for each event. Rather pnly the hours of each
event are processed in AERMOD with the sources for that event. To facilitate this selection the metorology
section of ABRMOD [ME keywaord] hos a functional kevword, namely, STARTEND, that allows the selection of the
day {5} and hour {3) where the modeling will start and end. This function was used 1o select the appropriate
beginning and ending hours to process for pach event in the modeling As noted above, AERMET and AERMOD
are designed to use LST, even during Daylight Savings Time. Thus. the one hour shift between Standard and
Davlight time was accounted for when defining start/end times in AERMOD:

g S fenwweest] noasgy/raohs S

LS Bovironniental Protection Sgency. 20130 "ABRSURFACE Users uide” EPA-454 fB 38 (1{)1 Buvised (1171672013,
Available Ooline: bip /fvwwwapagov fscrami L Tiwoni fasemod/agizurt ;

arse 1rgae

Bhttpe/ feevweamrlogovy/viewergs
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5. MODELING RESULTS

The miagimum medeled ground-level concentrations obtained using the approach described in Section 4 are
presented in this section. The glectronic files Incduding madel tnput files, preprocessor fles, meteorological data
files, and model cutput files and vesults ave ncloded o Section 7. The teniainderof this Séction 5 presents a
tubukar sumnsary and comparison to applicable ambient air standards and TCEQ bonchmarks as well as plots
showing the locations of maximum irepacts for each eventaswell as the area distribution and nosmalized
concentration gradient of ambicnt inpacts.

Ag the emissions events ovcurved doring different discrete time periods, the modeled impacts are reported.on a
per-event basis

.1, EVENT ORE (INCIDENT NUMBER 267578); WASTEWATER TANKS (14-T-24728}
OVERFLOW

The modeled T-hour ambicnt concentration impacts from the wastewater tank overflow svent are simmarized
in Table 5~ 1 The modeled emission rate represents the average howrly rate for the duration of the event. As can
b seen all maximum f-hour concentrations are less than their applicable AMCV or ESL {the lower of the two are
used in the madebto-benchimark comparisonsh Figure 5-1 shows the maximm loeation of the unit emissions
{1.0 g/5) BEvent 1 release; the concentration isopleths as a function of percent of the maximum concentration,
and the accompanying wind rose indicating the direction from which the wind was blowing during the event
Because this figure is for unit emisstons, the magnitude of the maximu is not presented but was rather used
along with event emdssions to provide the maximum amblent impacts o Table 5-1,

Table 5-1. Evenyt One Mayinmam Hour Modeled Concotrations Health Effects Analysis

Maximum
AMOCVor ESL | Maodeled Impact Modeled Impacts
Constituent CAS No, AMCY? fup/m) fug/mYy < AMCY or E5LY
T-Avayvl Aloohol 75-85-4 M 324 241 Yes
T-Butvl Aleohol FR-AH-( M B2 5.0 Yes
Di-T-Butyl Peroxide 110-05-4 N 100 21.0 Yes
Di-T-Aamyl Peronide 10508-09-5 N 108 127 Yes
2.5 Dimethyl-2.5 78-3-7 N 100 1.2 Yes
{T-Butyl Peroxy}
Heyane
Fravi Benzene 100-41-4 Y 86,000 0.2 Yeg
Maphthalene [Crude 91-208-3 ¥ 500 17.6 Yes
Or Refined)
1.2, 4- 95-63-6 ¥ 15,080 936 Yes
Trimethvibenzene
Hydrotreated Heavy | 84742-48-9 N 3,000 176 Yes
Naphtha
Odorless Mineral BES51-17-7 M 3500 1304 Yes
Spirits {OMSY
Naphiha, Hght 64742-95-6 N 4400 2896 Yeg
aromatic
Rylene, mized 1330-20-7 i 2,200 211 Yes
ispIners
§ Croshy Plant Erniasdons Beent Sadeling
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Figure 51, Bvont One 8oy Unit Emissions Concentration Ph

Y8 Rorthing D}

M Busting o}

3.4, EVENT TWO (INCIDENT NUMBER 267679 ORGANIC PEROXIDES STORAGE
TRAILER RO, 1 COMBUSTION

The modeled 1-hour ambient concentration impacts from one storage trailer (Tratler No. 1) decomposition and
combustion event ave sumimarizéd in Table 5-2, Table 5-3, and Table 5-4 respectively, for the NAAGS, for State
Praperty Line Analysis, and for efther the AMCV or ESL. Event 2 was modeled as two sources. The first source
represenied the 30 minof praduct decomposition {Vapor). The modeled emission vate for the decomposition
source represents the average emission rate for the duration of the decomposition event {L5 hour). The second
souree represents the comnbustion of the remaining product and trailer(s) {Five). The modeled emission rate
represents the average emission rate for the duration of the combustion event [1.5 hours). All constituents were

L
s
e

Confidential Business Information ARK_TCEQ_0000420

ED_004042_00000162-00048



not emitted by botl sources and the selection of the appropriate maximum unit emissions-based concentration
from the modeding feither decomposition or fire) was made and was provated to the individual constituent
release emission rates. As can be seen the concentrations for all identified NAAQS-related values are less than
the respective values and averaging periods as shown in Table 5-2 {ffor averaging periods longer than the
duration of the event, hours of no-event were assumed to have zero contribution in the caleulation of the
appropriate period). Table 5-2 shows that 50 was less than the State Property Line Analysis Lhour threshold,
Tablg 5-3 shows that the maximum 1-hour concentrations for the remainder of the volatile constituents, except
for Gdorless Mineral Spirits fOMS) and Acetophenone, ave less than thelr applicable AMEV or ESL fwhere an
existing AMEY value takes priovity over the ESLY, Bigures 5-2 and 5-%, respectively show the maximum location
of the unit emissions {10 g/s) Bvent 2 devomposition {vapor] release and the Eveat 2 five. Bach figure also
shows the concentration isopleths as a function of percent of the mazimum concentration.

Table 52, Bvent Twn Modeled Impasts: NASOS Analvsly

Maxbmum
NAAQS Modeled Impact | Modeled Impacts
Pollutant Averaging Period {pa/my {pg/my = NAADST
L0 L-hour 44 008 £9.4 Yeq
8-hour 10,000 55 Yes
NO; Thour 188 18 Yes
1-Haur 156 022 Yes
S0y S-hour 1300 811 Yeos
Zd-hour 65 541 Yo
Pl 24-four 51 1.2 Yeg
PMas 24-hour 35 1.2 Yes
Phy 3-month 15 JO00024 Yes
Tabile 54, Bvent Twe Modeled hnpacts: Slate Property Line Analysis
Muodeled
State Property | Maxinuun Modeled | Impacts < State
Line Standard lmmpact Property Line
Pollutant Averaging Period {pg/m¥ {pg/mhy Standard?
50 1-hour 715 8,22 Yeu
Table 54, Bvent Twe Masbuen -Houy Mmdsled Conossitrations: Health Effects Analvsis
Maximum
AMCV or ESL Modeled Impact. | Modeled Inpacts
Constituent CAS No. AMCV? {pg/m3) {ng/m’} < AMCY or ESL?
Nonane 111-84-2 ¥ 16,000 18,7549 Yies
Nonene 1243 1-8 N 5000 5,208 Yog
OMS 6B551-17-7 N 2,500 16,734 N
Acetone G7-64-1 Y 26,000 75 Yes
Acatophenone 98-B6-2 N 490 19,684 Mo
2-Prhyl heyanol 104-76-7 N 540 168 Yeg
2-Bihyl Hesanal 123057 N 1400 5.4 Yes
Hydrofluoric Acd 7E64-39-3 N 3 @4 Yoy
§ Croshy Plant Erniasdons Beent Sadeling
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Anaccompanying wind rose ingicating the direction fronywhich the wind was Bowing during the eventor
event-subset is glso provided in each figure. Because these figures ave for unit emissions, the magnitude of the
maxinwn is net presented but was rather used as approgpriate to account for impacts due to decomposition v
fire along with event emissions to provide the maximun ambient iimpacts in Tables 5-2 through 5-4. The plume

shapes, concentration gradients; and directions would be the same for vach constituent modeled.

Figure 5-2. Bvent Two D-Hour Unit Emissions Conventration Plot for the Decompasition Phase
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HTM Basting {m}

Wk, 1 frnshy Plant Ernissdong Bvent 8

Hmby Congs

L
¥4

Confidential Business Information ARK_TCEQ_0000422

ED_004042_00000162-00050



fons Doncentration Plot for the Burs Phase

Figore 5-3. Event Tweo T-Hour Uit §

Event #2: Fire
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5.3, EVENT THREE (INCIDENT NUMBER 266756} ORGARIC PERGXIDES STORAGE
TRAILERS HOS, 2-3 COMBUSTION

The modeled I-hour ambient concentration Impacts from the second storage tratler {Trailers Nos. 2 and 3)
decomposition and combustion event arg smmarized in Table 5-3, Table 5-6, and Table 5-7 respectively for the
NAAQS, for State Proporty Line Analysis, and for gither the AMOY or ESL. Bvent 3 was modeled as two sources,
The first source represented the 80 min of product decomposition {Vapor). The modeled omission rate for the
decomposition source represents the average erpission rate for the duration of the decomiposition event .5
hour}. The second source represents the combustion of the remaining product and traflecds) [Fire), The modeled
emission rate represents the average emission rate for the duration of the combustion event (1.5 hours). AR

W
3
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constituentsweres not emitted by both sources and the selection of the appropriate maximum unit emissions-
based concentration from the moddding {cither decompuosition of fire) was made and was prorated to the
ndividual constituent release einission rates. As can be seen the concentrations for all identificd NAAGS-related
values are less than the respective values and averaging periods as shown in Table 5-5 {for averaging periods
longer that theduration of the event; bours of no-event were assumad te have zero contribution in the
catvulation of the appropriate period). Table 5-6 shows that 50; was legs than the State Property Line Analysis
1-hour threshold. Table 5-7 shows that for the remsdinder of the constitnents that the maximum 1-hour
concentrations are Jess than thelr applicable AMUY or ESL {where an existing AMCY value takes priority over the
ESLY. Figures 5-4 and 5-3, respectively show the maximum location of the undt emissions (1.0 g/¢) Bvent 2
decompaosition {vapor) release and the Bvent 3 fire. Each figure also shows the concentration isopleths sz a
function of percent of the maximum concentration, and the accompanying wind rose indivating the direction
fronn which the wind was blowing during the event orevent-subset. Becanse these figures ave for unit emizsions,
the magnitide of the maxhnum Is not presented but was rather used @8 appropriste to gecount for mpacts due
to decompeosition or fire along with event einlssions to provide the maxinnun ambient impacts in Tables 5-5
through 5-7.

Table 55, Bvent Thres Modeled Impacts: NAAGS Analysis

Maximum
NAAGS Madeled Impact | Modeled Impagts
Pollutant Averapging Period {pg/m*) {pp/m?} < NAADS?
o 1-Hour 343,000 3.65 Yey
B-hiour 16000 0.68 Yes
Nk 1-hour 188 .19 Yo
SG: 1-hour 1896 64 Yes
3-hwour 1500 3.0% Yes
24-hour 165 G003 Yes
Pl Zd-hiour 58 .16 Yeg
PWlas 2ad-four 35 416 Yes
Pl 3-month .15 2.0000045 Yes

Table 5-6. Bvent Throe Bodeled hmpacts: Sate Property Lins Analysiz

State Property Maximum Modeled Impacts
Line Standard Modeled Impact | < State Property
Pollutant Averaging Period {g/m?} {pg‘a'm?} Line Standarnd?
Stk Lhour 715 .04 Yes
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Tabie 57, Evsst Three Masiosion 1-Hour Misdeded Conrsstrativns: Health Bffects Anadysis

Maximum
ESL or AMOV Modeled Impact | Modeled Impacts
Lonstituent CAS Na, AMOY? {pg/m {pg/m?} < AMUY or EBLY
Nopane 111-84-2 A 16,000 451 Yos
Nanens 144-11-8 N 5800 148 Yes
QM5 668551-17-7 M 3500 240 Yes
Acetone 67-64-1 Y 26,000 .78 Yes
Acetophenone -6 N 440 282 Yeog
2-Ethyl hexanol 104-76-7 iy 540 016 Yes
2-Ethvt hexanal 123-D5-7 N 1400 .16 Yoy
Hyvdrofluoric Acid T664-349-1 N 3 4401 Yos
Arksma, . ssby Plant Enisslons Deent Madeding
Tripiby Cong 5aF
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vt Vhesee I-Honr Yodt Bovissions Conventration Plot fee the DBecompasition Phase

Figure 54,1
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Fignirg 58, Event Three I-Howr Unlt Emissions Cencentration Plot for the Burn Phase

Bvent#3: Fire
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G4, EVENT FOUR (INCIDENT HUMBER 266771) ORGANIC PEROXIDES STORAGE
TRAILERS NOS, 4-9 PRODUCT DECOMPOSITION

The modeled 1-hourambient concentration impacts from the decomposition (Vapor) of two traflersin the
Trailer Nos, 4% storage area {Trailers Nos: 5 and 8) are summarized in Table 5-8 for cither the AMOV or ESL.
The modeled emission rate represents the average hourly vate for the duration of the event As can be scenrthe
congentrations for all identified constitnents that the maximum 1-hour concentrations are less than their
applicable AMCV or ESL {the lower of the twp are used in the model-to-berchmark comparisons). Figure 5-6
shows the maximum location of the unit emissions {10 g/5) Event 4 decomposition (vapor} release as well as
the concentration isopleths as s function of percent of the maximom concentration, and the accompanying wind
rose indicating the direction from which the wind wag blowing during the event, Because this figure is for unit
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emissions, the magnitude of the maimuom s not presented ot was rather used along with event emissions to

provide the maximum ambient impacts in Table 3-8,

Table 58 Pvent Four Maxinnun b-Howr Modeled Concontrations: Health Bifects Analysis

Maximum Modeled
AMOCY or ESL Modeled Impact Inpacts
Constituent CAS No, AMCY? {ug i} fug/m*% < AMCV or ESL?
Isphutans 75285 Yes 23,000 #3.4 Yes
fsnbutene 1I514-7 Yoy LAGG00 288 Yig
M5 BR551-17-7 Yeg 3500 1972 Yes
Acelang 67 <61 Yex 26,606 1183 Yeox

5.5, EVENT FIVE (IRCIDENT NUMBER 266778} ORGANIC PERCKIDES STORAME

The muodeled 1-hour ambientconcontrativn impacts from the third storage trailer {Trailers Nos, 4-9)
combustion event ave stnunarized in Table 5-3, Table 5-10, and Table 511, respectively for the NAAQS, for
State Property Line Analysis, and for-either the AMCV or ESL. The modeled emission rate represents the average
hourly rate for the duration of the gvent. As van be seen the voncentrations for all identified NAADS-related
values are loss than the respective values and averaging periods as shown in Table 5-9 (for averaging periods
Jonger that the duration of the event, hours of ne-event were assumed to have zero contribution in the
caleulation of the appropriate period]. Table 5-10 shows that 50: was less than the State Property Line Analysis
1-hopy threshold, Table 5-11 shows that for the vemsinder of the constituents that the meaximum I-hour
concentrations ave less than thelr gpplicable AMCV or ESL {the lower of the two are used in the model-to-
benchmark comparisons). Figure 5-7 shows the maximum location of the unit emissions {10 g/5) Event 5 fire.
The figure also shows the concentration isopleths as a function of percent of the maximwn concentration, and
the accompanying wind rose indicating the direction from which the wind was blowing during the event oy
event-sabset, Becausethis figureis foranit emissions, the magnitude of the maxivum is not presented but was
rathet used along with event emissions to provide the maximum ambient fimpacts in Tables 5-% through 511

s, NG,
CHpiby Cong
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Fhawre 3-6. Bvent Fose $-Hour Unit Endssions Camventration Plet for the Decomposition Fhase

T Rosthiog {0}
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Table 59, Evant Five Modeled lrapacts: NAAGE Ansdvsls

Maximum
NAAGS Modoled lmpact | Modeled Impacts
Pollutant Averaging Period {ng/ ) {pg/m*y <« NAAQS?
Co 1-hour 40,000 932 Yeog
B-heur 1 {}, (00 231 Yes
N T-hour 184 048 Yes
Sk T-hour 196 .08 Yis
S-hour 1,300 {06 Yog
SE-hour A6h 8.01 Yes
Py Z-howr 50 354 Yoy
Pilas Zd-hour 35 AL Yeog
Ph F-mionth 8,15 GO00015 Yeg

Table 5140, Byt Five Modeled Taipacts: SMate Propesty Line Anslysis

Modeled
State Property Line Maxboum Impacts < State
Standard Modeled Impact Property Line
Pollutant Averaging Period {pg/msy fje/m7y Standard?
Stk 1-hour 718 .09 Yes

Table 511, Bvent Five Maxinmun DHonr Modeled Concentrations: Health Elffects Analysis

Maximum
AMCVor ESL | Modeled hipact | Modeled Impacts
Constituent CAS No, AMOV? fug/myy {pg/m*y < AMOCV or ESL?
MNaonane 111-84-2 ¥ 168080 343 Yes
Nonene 124-11-8 N 5,800 1.13 Yoy
Isobutane 75-2H-5 Y 78404 {178 Yeg
Istbutene 1156-11-7 ¥ 520,008 .24 Yes
n-propanct F1-23-8 N 2,461 .14 Yegy
repropanal 123-38-6 Y 1,800 03 Yeog
sec-Butanal TH-92-2 N 3600 4.33 Yes
sec-hutanons 785-93-3 ¥ 59,000 811 Yeg
OMS HRR5 12177 N 2,500 3.594 Yeg
Avetone 67 i1 Y 26,004 237 Yog
Acetophenone SE-B6-2 N 4G¢) 1.46 Yes
2-Erhyl hevanot 104-76-7 iy S48 312 Yes
2-Ethyl hexangl 123-05-7 i\ 1,400 102 Yoy
Hydrofluoric Acid T664-39-% N 3 4.03 Yes
Arksma, . ssby Plant Enisslons Deent Madeding
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g 57, Bveasd Five U-Howr Unil Bosissions Concenirating Plot for thie Burn Phase
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&, AMBIENT BACKOGROUND MONITORING DATA

There are five ambient background monftoring stations located within 15 Jon of the Croshy Plant.# Table 6-1
lists the monitors, their distance from the Crosby Plant, and the pollutants that each monitor measures. Pigure
6-1. Ambient Background Moniters ndar the Crosby Plant shows the Tocdtion of each menitor in proximity te the
Croshy Plant.

Table 61, Amblent Background Monitars nesr the Croshy Flang

Distance from Location
Crosby Plant Relative to Pollutants

Moniter Name AQS CAMS {km} Croshy Plant Measured
Crosby Library 48-201-0553 253 5S4 | Southivest (rane
Huffinan Wolf 48-201-0563 563 12.63 Nurth- Qrone
Resad Northwest
tH West Liberty $B-201-0692 £9% 1288 North-Northeast | Grone, NG, €O,

PMas
Baybtown Garth AR-200-1017 117 14.51 Seuth-Southeast | Grone, 50
Wallisville Road 48-201-0617 617 14.58 South-Southeast | Ouone, N

Spreciated VOU

B As obitalned from hitps / Swww tosgtexasgov ogh-biny/complianes fmonops/select year pliregion= 12, and the Houston
Regional Monitoring [HRM) Network.

ke, Int. | Oroshy Plant Umivsiovs Dvent Modeling
Trintiy Gonsultants f-4
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Arkema downloaded and reviewed the €0, SOy, NGOy PMz s, and speciated VOCs background monitored
concentration data for the following time periods:

»  The one (1) month period preceding the emigsions events:
» Date Range: July 29, 2017, through August 28, 2017
»  The six {6) day period encompassing all five {5) emissions events;
«  Date Bange: August 29, 2017, through September 3, 2017
¥ Thetwa {2} hour periad of each combustion event (Le Bvents 2, 3, and 5); and
= Event2: August 31, 2017, (2:00 hours through 04:00 hours
#  Bwent 3 September 1, 2007 17:00 hours theough 19:00 hours
#  Bwent 5 Septerber 3, 2017 1540 hours through 17:40 hours
¥ The ooe (13 month period following the emissions ovents,
s Date Range: September 4, 2007, through October 3, 2017

The tables in this section include the average and maximum barkground moenitored concentration data {as
avatlable) before, during, and after the Croshy Plant emdssions events. ™ As shown in Table 6-2 through Table
6-9, the monitored concentrations arewell below the applicable NAAQS standards, AMCVs, or ESLs, which is
consistent with the modeling results included in Section 5 of this report.

Table §2. Average Monitored 0O Concentrations Before, During, and Following the Croshy Plant
Emissions Events

Average Average Average
Monitored Monitored Monitored
Concentration | Concentration Concentration NAADS {(ppu)
Prior ta Buring Crosby | Following Croshy
Emissions Plant Hmdssions | Plant Emissions
Monitor Eventst Events? Events?
fLAMSY {ppmd {ppm} {ppm) 1-hour S-hour
699 4.1 323 14 35 9

EThie tinas period priorto the emissions events s defined asthe one [1] montl period preceding the emissions events {fuly 29,
2007, throngh Angust 28, 2017), The tme peringd during the emissiony events is defined as the six {63 day period eovorpassing sl
five {3 emissions events { August 29, 2017, through September 4, 20171 The thne periud following the emissions svemts is
definud 18 the one {17 month perlod following the emissions events [September 3, 2007, through Qowber 3, 201714

PR and speciated VOU data was obtained From the HRM network Based on the avatlability oF monitoring date, this
analysis Is Hivited to the review of background concentrations during the Croshy Plant emissions svents.

wsby Plant Erniasions Daent Sadeling
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Tabde 63 Average Monired 50 Concentrations Befre, Buriog and Following the Uroshy Plam
Buisslons Bvents

Average Average Average NAAQS {ppb
Monitored Monitored Monitored
Concentration Concentration Loncentration
Prior 1o Puring Croshy | Following Crosby
Emissions Plant Emissions | Plant Emissions
Monitor Events? Events ! Events !
{CAMS) {pph) {pph) fpub) Lhour 3-bouyr Z4-hour
1317 16 0.26 .12 75 543 140

t The He period prior to the enissiong svents s defined as the one {11 month period preceding the sindssions weets {July 29,
2007, through Angust 28, 20171, The thne period during the entissions events is defived as the six (6] day period encompassing all
five {5} emissions events {August 28, 2017, through September 3, 2017} The thne perind following the emissions svents is
defined as the ene {1} month period following the emissions events [September 3, 2007, through Dotober 3, 2007,

Table 64, Average Monitorsd B Concentrations Befors, During and Pollowing the Croashy Plant
Emisgions Bvenls

Confidential Business Information

Average Monitored Average Monitored NAAOS fpph}
Average Monitored Conventration During Copcentration Following
Concentratien Prior Crosby Plant Crosby Plant Bmissions
Monitor | to Emissions Events Emissions Events? Events 1
{LAMS) {pph} {ppk) {pph) 1-hour
G959 2.0 1.5 2.0
617 53 5.5 [ 100

5 he vime period prior o the emissions events is defined as the éne 1] month period preceding the enidssions svents [y 29,
2017, throagh Sugust 28, 20177 The time penind during the entissions events i defined as vhe six (6 day period sncompassing all
five {5 ) emigsions evendy {August 29, 2017, through September 3, 20171 The time perind following the emissions svepts s
defined as theune {17 month period following the emissions seerts {Seprember 3, 2017, through October 3, 20174

wsby Plant Erniasions Daent Sadeling
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Table 5-5, Maximum Monitersd 00 Concentrations Before, Durivg, sud Pollowing the Croshy Plant
Huisslons Bvents

Maxbmum Monitored Maximum
Maximum Concentration During Crosby Plant Monitored
Monitored Emissions Events ? {oncentration
Concentration {ppm) Following NAAQS fppo
Prior to Croshy Plant

Emissions Emissions
Monitor Events? Evems®
{CAME) {ppm) vent 2 Event 3 Event 5+ {ppm) 1-honyr | H-houyr

G949 .4 £.2 3.2 .4 35 gl

CThe time period prior fo the emissions evemy s defined asthe ape {17 moith period preceding the emissions events {aly 29,
2017, through August 28 2017} Emissions Bvent 2 is defived g Aupnst 31, 2007, 0000 houes through $4:00 hours. Bmissions
Event 3 is defined as September 1, 2017, 17:00 hours throngh 19:00 hours. Emissions Bvent S is defined a5 September 3, 2017,
15844 hours thrwagh 1740 howrs, The thime perisd following the emissions svents is defined os the one {1 month peried
following the sredssions events {Septenaber 3, 2017, theongh October 3, 2007).

FThe data during Emtissions Beent 5 is lsted as LT, which meang the data ix lost {zither never collected orlost in

ceRmnRication .

Table g6 Maximm Monitored S0 Voncentrations Before, Purdog, snd Follinwing the Croshy Plant
Emissions Events

Maximum Monitored Maximum
Magimum Concentration During Croshy Menitored
Monitored Plant Emisstons Events Concentration
Concentration {ppl Following MNAAGS (ppb
Priorto Crosby Plant

Emissions Emissions
Monitor Events Events
{CAMS) {pph} Bvent2 | Eventd | Event5 fppbl I-hour | 3-hour | 24-hour

1617 2.4 s 0.3 (3.2 2.3 75 508 140

The e period prioy to the smissions events is defined as the one £1) month period preveding the emissions events {fuly 29,
2017, through August 38, 201 7). Emissions Event 2 is defined as August 31, 20487, 02:00 hours through 0400 howrs Emissions
Bvent 3 s defined as Septemiber 1, 2017, 1744 hours through 1900 hows. Emissions Event 8 is defined as September 3, 2017,
15:40 houes through 17040 hours. The tme peviod following the emissions events is defived as the ons {1 manth period
following the emissions wrepts [September 3, 2017, twough October3, 20171,

The data during Emissions Bvent 2 s sted as QAS, which means TUEQ was performing a quality control andit during the time

pordod.

Yigk, B LA0S
nity Cong
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Table 67, Masimom Monitored By Comenivations Belore, During and Pollowing the Croshy Pland
Buisslons Bvents

Maximum Monitored Maxinm
Maxionon Concentration During Crosby Manitored
Monitored Plant Emissions Events Concentyation
Concentration fophb) Following MAADS {pph)
Prioy to Croshy Plant
Emissions Emissions
Monitor Events Events
{CAMEY fpphi EventZ | Eventd | Event5 fpph) 1-hour
H9% 7.8 1.4 1.3 .8 945 100
a1y 215 G é.1 4.7 KR i

The tme period prior to the emissivns eventsis defived as the one {17 month peried preceding the emissions gvents {July 29
2007, through Augnst 28, 2017). Bmissions Event 2 13 defined s August 31, 2007, 0200 Bonrs theough D400 Bours, Brmissions
Event 4 is defined as Sepramber 12017, 1700 hours through 1%:00 howrs, Emissions Event 5 s defined as September 3. 2017,
15:40 hours through 17540 hoars, The thee peried following the emissions events bs defined as the one {1) month period

following the emisstons events {September 3, 2017, through Dctnber 3, 20171

Table &8 Monitored P8 Concentradions during the Croshy Plan Bmissions Brenty

Maximun Monitored Concentration During Croshy Average

Plant Emissious Events? Monitored
{ug/m} Concentyation | NAAQS {usfm¥)
During Croshy
Plant Emissions
Events
Monitor Event 2? Event 3 1-hour {Bg/m4 28-hour
Wallisville Road - 17 17 14 35
FHERM Netwaorl]

P Emissions BEvent 2 is defined as August 33, 2007, 02:00 hours through 04:00 hours, Emissions Event 3 is defined as September 1
217, 1200 hovrs through P00 hoars. Emissions Bvent 3 iy defined a4 September 3, 2017, 15044 hoars through 1740 hours,
The tme paviod during the emissinns svents is defined s the sin (6] day period speompassing all five {5) emissions events
{August 29, 2007, throngh September 3, 200 7).

< P smonitaring datd was not available during the thoe period of Eotissions Bvent 2.

wsby Plant Erndasions Daent Soadeling
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Tabde 640, Mopitored VOU Concerdrations Juring the Croshy Plant Bmissions Evoaty
{Wallisvitle Boad, HEM Network, Monitor)

Maximumn Monitored Average
Concentiation During Crosby Monitored
Plant Emissions Eventg 29 Concemtiration AMEY
{pph} Buring {ppb} | ESL {pph)
Croshy Plant
Emissions
Evenis?

Constituent? £AS No. Event 1 Event 4 Fvent 5 {pphl ST 1)
Ingbutane Th-20-5 MAA 6.2 5.9 129 23,000 9,700
Isobutense 115117 NiA 3.3 .14 1.0 270000 F8O00
Ethvibenzene 100-41-4 e MN/A NiA 1.3 20,000 6500
Xyvlenes 1330-20-7 e N/A NA 85 516
12,4~ 95-63-6 - N/A NiA 5.6 3000 #58
Trimethyvibenzene

b Data s provided for any speciafed VOU evaluated by the HRM Network Walliswille Road Monitor thatis emitted during the Croshy
Plant swnissions avents,

= Ernisstons Beentd is defined a3 Aupust 29, 2017, 12:00 hours through 18:06 honrs, Emissions Brent 41 defined as September 2,
2607, B017 hoors threugh Seprember 3, 2007, 500 hesrs, Emissions Beent 5 s defined as September 3, 2017, 1540 howrs
through 17:4) hours. The Gove peried during the emissions events is defined ax the six {6] day perlod encompassing all fve {3)
emissions events {Auust 39, 2017, shrough Septernber 3, 2007,

HMPa monitered coneentration is Tisted as N/A, this sreans that vhe specific VOIS not eamitied duting that emissions ovent. Ha
monitored vonesntration is given as dashes, iy medny that monitoring data ix not syailable duying the Bwe period of the

sutsgionyevent

fey
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7. ELECTRONIC FILES

Al of the air quality dispersion modeling amalysis electronic data files used to generate the results presented in
this reportare provided by the accompanying electronic file folders. These glectronic data files Include the
following

Al AEBMOD input, output, and plot data files;

All dovwnwash input and output files;

Meteorological files, including AERMET, ABRMINUTE, and sutface and profile data;
Toxcheny modeling files;

Spreadshect showing all modeling results with comparisons to the applicable standards;
Spreadsheet showing allvaw background monitored concentration data; and

Electronic copy of the modeling report.

R

The following tables summarize the clectronio files.

Table 7-1 Sunumary of Filey

File Mame File Deseription
01 AERMOD Input and Output Files Hee Table 72 fura detailed desoription of contents.

| ARRMET and ARRMINUTE files. SeeTable 7-3 fora detaited

v sarolaical Filas K o . i . N
02 Metearolagical Files | description of meteorotogical fles used in AERMOD models,

03 BHP BPIP [Downwash] input and output Bles

U4 AERSURFACE AERSURFACE iInput and output files

0% Toxchem Toxchen mudeling files

Madel Results Modeling results compared 1o applicable standards
Background Concentration Workhook Worksheet showing raw background monitor data
BINAL Crosby EE Modeling Report Modeling report

§ Croshy Plant Erniasdons Beent Sadeling
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Talde 7-2. AERMOD bnput and Outpat File Desoriptions for the Alr Quality Dispersion Modeling Analysis

File Desoription

Reopptor Girid

Associated
Ernissions Bvent File Nawme Files
1 Event l.zip
y 5 5 i tnput Fite "ami)
2 Bvent 2o !
~op Oniput File
> Fvent 3.zp Plot File {*pit)
, Recepiors File
4 Bvent 4zip (% ROU}
5 Bvent 5.2ip

Uindt Bmigsion Rate
Modeling

Tight, Fine,
Medium, and
Coarse grids

Table 73, Moteorsiogios] Files Ured for the A8 Quality Dispersion Modaling Aualysis

Lavel Meteorologival File Name Time Portud
Surface WALLISVILLE ARKEMALY HetShift, NoABJUSFC By ?.8,( L7
/42017

Profile/Hpper WALLISVILLE_ARKEMALU HgtShify NoABJILPFL BF2G/2017
Alr G4 I017

Arkmmg, B
Tripiby Cong
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_ APPENDIX A: TCEQ MODELING REQUEST

Arkamag, I | Croshy Plant Ernisslons Beent Madeding
Trirty Concultants H1
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Bryvan W, Shaw, Ph.Db, PE, Chalrman
Toby Raker, Comnnivsionar

Jon Niermann, Commissionsy

Richard A, Hyde, PE., Bwcutlve Irector

TEXAS COMMISSION ON ENVIRONMENTAL QUALITY

Brotecting Texay by Reducing and Preventing Pollwtion

September 28, 2017

CERTIFIED MAIL #91 7108 9981 7033 30445 0328
ELECTRONIC RETURN RECEIPT REQUESTED

Mr, Leslie Comardelle, Plant Manager
Arkema Inc.

. 1BOOG Uroshy Fastoete Road
Croshy, Texas 77832

~Rer - Additional Information Reguest for
.. Arkema Crosby Plant, 18000 Crosby Eastgate Road, Crosby (Harrls County), Texas
Regulated Batity Mo 100-210-301, Incident Nosg.: 266756, 288771, 288778, 267578,
267679, Investigation Noo 1438846

Dear Mr, Comardells:

The Texas Commission on Environmental Quality {TCEQ) Houston Reglonal Office has received
the Final Records of the following emissiong events: Consolidated Compliance and
Enforcement Data System (CUEDS) ncident Nos.: 266756, 2686771, 266778, 2067578, 267678, In
grder to complete our review, we are reguesting aly dispersion modeling to show off-property
impacts from the emissions of all pollntants which were released from the plant as a result of
theseevents. This mformation is being reduested pursuant 10 30 Tex Apwiv, Cope § 1012045
which states that “the gwner or operator of a facility experiencing an emissions cvent must
provide, in writing, additional or more detatled information on the emissions event when
requested by the executive director . . . within the tme frames established in the request.”
Please provide this information by October 16, 2017,

The Texas Commission on Envirommental Quality appreciates your assistance {n this matter,
Upon our review of the information submitted, we will determine whether the emissions events
noted above are excessive under 30 Tex, Apnm, ConE § 101.222(3), We will notify vou of pur
determination and whether you will need 1o teke additional actions to reduce emissions,

If you or members of your staff have any questions, please feel free to contact Mr. Jason
Holloman in the Houston Regional Office at (713} 767-3553, For modeling related questions,
pieage feel free to contact the Alr Dispersion Modeling Tearn, at {$12) 238-1250,

Singerely,
S

Warda Omar, Alr Section Team Leader
Houston Region

e Ms, Carolyn Hervey, Environmmentat Fngineer, Avkema Croshy Plant, 18000 Crosby
Eastgate Road, Crosby, Texas 77532

Enclosure: Modeling Checklist

TCEG Weglon 12 « 5425 Polk 3t Ste. ¥ » Houston, Texus FROZE1452 « PI3-7EP3500 » Fax 713-767-3324

Anstin Headouarters; $13-238-1000 « wegremsgoy = How IS pur customey service? 1oaqlexas.gov/customersuvey

eintad o seoyeied naper
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issions Events

odeling Checklist - En

If an impacts evaluation is requested for an emissions event, an air quality
analysis should be conducted for the unauthorized emissions, This
demonstration is compared to the applicable AMCVs/ESLs, state property line
standards, and NAAQS. The air guality analysis in support of an emissions
event should include the items below, as appropriate.

Please note if a modeling demonstration is requested of a company, the
company must provide all electronic modeling files and the air guality analysis
{AQA) to the investigator. This information should then be sent to Dianne
Anderson (Disnne Andersoni®teegdexaspov) 1o be assigned and reviewed by
the Alr Dispersion Modeling Team (ADMT). All electronic files and AQA must
be provided in order for ADMT to begin their review,

For large files, a company can either send files via FTP or in the mail on a CD
or USB Drive to:

Dianne Anderson

Texas Commission on Environmental Quality
Alr Permits Division

12100 Park 35 Circle, Bidg, C

MC-163

Austin, TX 78753

Project Identification Information
« Provide the following information to clearly identify the analysis:

o Regulated Entity '

Facility

Incident Number

Permit Number, as applicable

Regulated Entity Number

Customer Reference Number

Nearest City and County

LT v & B T o

4

Project Overview

o Include a brief discussion of the event {reason for the review),
duration of the event, and types and locations of emissions undeyr
12/2016 Page10of6
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consideration.

Constituents Evaluated

« List all constituents that were evaluated. Be sure to provide all
relevant information for each constituent evaluated
{standard /AMCV/ESL, CAS number, ete.). V
¢ For health effects analyses, compare model results to AMCVs, if available.
Otherwise, compare results to appropriate ESL.

Plot Plan
« Depending on the scope of the project, several plot plans may be
needed to present all reguested information.
« Provide a plot plan that includes:
o A clearly marked scale.
o All property lines.
A true-north arrow,

UTM coordinates along the vertical and horizontal borders. Please do
not use plant or other coordinates,

o Include the datum of your coordinates.

o Reference UTM coordinates and locations of all emission points
including fugitive sources modeled.

o Labels/IDs and coordinates for emission points on the plot
plan should correlate with the information contained in the air
guality analysis.

o Buildings and structures on-property or off-property which
could cause downwash. Include length, width, and height.

Area Map

+ Include an area map with the air guality analysis. The map should cover
the area within a 1.9-mile (3-kilometer) radius of the facility if used for
the Auer land-use analysis.

« The area map should include all property lines. For sites with a single
property line designation (SPLD), include all property lines associated
with the SPLD. Also include a copy of the SPLD petition with the air
quality analysis.

«  Add UTMs 1o the horizontal and vertical dimensions of the map
section, as well as the date and title of the map. Include the datum of

your coordinates.
12/2016 Pagez ol 6
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Modeling Emissions Inventory
s Oo-Property Sources to be evaluated,

o Include all source parameters and emissions rates associated with
the event, preferably in table format.

o Identify special source types or characterizations such as covered
stacks, horizontal exhausts, fugitive sources, area sources, open pit
sources, volume sources, roads, stockpiles, and flares,

o Inchade all assumptions and calculations used to determine as
appropriate the size, sides, rotation angles, heights of release, initial
dispersion coefficients, effective stack diameter, gross heat release
and weighted (by volume) average molecular weight of the mixture
being burned.

Specify particulate emissions as a function of particle size; mass
fraction for each particle size category; and particle density for each
particle size category, as applicable.

]

Table Correlating the Emission Inventory Source Name and
EPN with the Source Number in the Modeling Output '

» Include a table that cross-references the source identification numbers
used in the modeling if they are different from the emission point
numbers in the permitted Maximum Allowable Emission Rate Table
{MAERT) or from any additional list of sources.

Stack Parameter Justification

« Include the basis for using the listed stack parameters (flow rates,
temperatures, stack heights, velocities). This should include the
calculations used to determine the parameters.

Scaling Factors

« Discuss how emission scalars were developed and used in the modeling
demonstration.

Muodels Proposed and Modeling Techniques

+ Include a detailed discussion of the models that were used, model
version numbers, and the model entry data options such as the
regulatory default option and the period option.

= Discuss any specialized modeling technigues such as screening,
collocating sources, and ratioing.

¢ Include assumptions and sample calculations.

12/2016 Pageg of &
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Selection of Dispersion Option

= Base the selection of urban or rural dispersion coefficients on the Auer
land-use analysis.

s Include a detailed discussion and sufficient technical justification to
support the selection of the dispersion option.

Building Wake Effects (Downwash)

« Discuss how downwash structures were determined and include
applicable information required to use the EPA's BPIP-PRIME. Submit all
input files and files generated by the BPIP-PRIME program, and any
computer assisted drawing files.

» Provide a table of structure heights used in the downwash analysis.

Receptor Grid
s Discuss how the receptor grids were determined for each type of analysis,
« Include the datum of your coordinates.

« Discuss if terrain was applicable. If so, discuss how terrain for
individual receptors was determined.

Meteorological Data

s Indicate the surface station, surface station anemometer height,

surface station profile base elevation, upper-air station, and period of
record, as applicable.

+ Include the meteorological data files used for all demonstrations.

=« Discuss how meteorological data were determined or replaced.
Include ADMT approval of replacement data.

» In addition, submit all the supplementary data used to develop the
specificinput meteorological parameters required by the meteorological
pre-processor programs.

Modeling Results

« Summarize and compare the modeling results relative to all
applicable AMCVs (ESL if an AMCYV does not exist), stae property
line standards, and NAAQS, Tabulated results are preferred.

Digital Information (Model Input/Output and Associated
Computer ov Electvonic Files)

s Include:
12/2016 Page g4 0f 6
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o All input and output files for each dispersion model run, including
data, grid and plot files.

o All files produced by a software entry program.

All automated downwash program input and output files and any
computer assisted drawing files.

o All meteorological data {iles in ASCH format. If meteorological data
will be processed for the emission event period, include all
meteorological data preprocessor input and ocutput files, Be sure to
include full documentation and the supporting technical justification
for the processing of the meteorological data

o Al boundary files, including computer assisted drawing files,
specifving coordinates for property lines,

o Include all spreadsheet files used for comparison of predicted
concentrations with standards or guidelines. This includes, but is not
limited to, spreadsheet files used for ratio techunigques.

12/2016 Pagesof 6
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 APPENDIX B: EMISSION CALCULATIONS
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Arkema Inc. - Crosby
Tank 24 2B Overflow Emissions
August 29, 2017

Emission Estimale of Waste Water Tank OQverflow

There are two waste water tanks (2A and 2B) used to treat wastewater containing mineral spirits. Tanks were almost full (98%-99%) and an organic layer was on the top
of each tank when heavy rains caused the tanks to overflow. When organic layer is spilled on the ground, it spreads out, vaporizes, and results in air emissions.

Tank 2A: The tank was measured with a 6 inch organic layer prior to the overflow and 1/4 inch after the overflow. The tank has a diameter of 35 ft. the voluine of
overfiow is based on the net volume of the organic layer before and after the overflow.

Tank ZB: Measurements are not available for the organic layer, however, an estimate of the volumne of organics was based on typical waste water organics generation.
After reviewing the past four 96-day disposals of waste water organics, the daily average waste water organics generation from the process units is 45 gal/day. For
conservatism, it is assumed that 2 days-worth of production organics (90 gallons) were in tank 2B at the time of the overfiow.

Density of Mineral Spirits {1} 6.67 lb/gal
Tank 2A Diameter | 2] 35 ft
Thickness of Organic Layer {2] 0.48 ft
Organics Overflow from Tank 2A {2] 344837 gal
2300754 1b
Organics Overflow from Tank 2B [3] 96.00 gal

60048 1b
: Total Organicj T'otal Organic{ Total Organic lnt.al ()rgamc
. , Nermalized . . . Spitfed from
Minwt% Max wt% Spilied from | Spiiled from Spilled from e
Component 4] [41 4] wit Tank 24 Tank 2B Tanks Tanks
[4} Normalized
Ib/event Ib/event ib/event wt%

T-Amyl Alcchol 0% 20% 8.58% 1,974,960 5154 2,026.44 5.13E-06
T-Butyl Alcohol 0% 20% 8.58% 1,974.90 51.54 2,026.44 5.13E-06
Di-T-Butyl Peroxide (3% 5% 2.35% 49372 1289 506.61 1.28E-06
Di-T-Amyl Peroxide 0% 5% 2.15% 493.72 12.89 506.61 1.2BE-06
2,5 Dimethyl-2,5 Di (T-Butyl Peroxy} Hexane 0% 5% 2.15% 493.72 12.89 506.61 1.28E-06
Ethyl Benzene 0% 4% 1.72% 394.98 10.31 405.29 1.03E-06
Naphthalene {(Crude Or Refined) 0% 4% 1.72% 394.98 10.31 405.29 1.03E-06
1, 2, 4 - Trimethvibenzene 4% 22% 9.44%; 2,172.39 56.70 2,229.08 5.64E-06
Hydrotreated Heavy Naphtha 0% 4% 1.72% 394.98 1031 405.29 1.03E-06
Water [5] 0% 0% -- - -~ 395,234,134.55 1.00E+00
Mineral Spirits 0% 80% 34.33% 7,8945.58 206.17 8,105.76 2.05E-05
Naphtha, light aromatic 28% 60% 25.75% 5,924.69 154.63 6,079.32 1.54E-05
Xylene, mixed isomers 0% 4% 1.72% 39498 10.31 405.29 1.03E-06
Total Active Oxvgen from Organic Peroxides [6] 0% 0% - -= - --

Notes:
{1] According to "Waste Water Organics {with OMS Diiuent} In House Profile.pdf" provided by Arkema, specific gravity is (.7-0.9. Average specific gravity 0.8 is used in the
calculation.

{2] Provided by Arkema based on tank diameter and measurement of organic layer prior to and after overflow.

{3} Provided by Arkema based on the best estimate assuming typical daily production and two days of production.

{4] Per "Waste Water Organics {with OMS Diluent) In House Profile.pdf* and "Waste Profile for Wastewater Organics with Mineral Spirits (Signed 11-18-14}.pdf" provided
by Arkema, wt% of components are normatized based on the maximum wt% of each possible component in wastewater.

{5} Weight percentage of water is changed from maximum 10% to 0% to be conservative. For total event normalized concentrations, the volume of water includes the
estimated volume of stormwater flow through the spill area gver the event period {i.e,, Estimated 1 mph stormwater flow across area of 1.55 m x 100 m over 6 hours}.

{6] Weight percentage of total active oxygen from organic peroxides is changed from 1% to 0% te be conservative.

Arkema inc. - Crosby
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Arkema Inc. - Croshy
Tank 2A 2B Overflow Emissions
August 29,2017

Tank Overflow Emissions Based on Toxchem Modeled Results

Maximum Wastewater | Total Emissions| Emissions from
Tank Concentration [2] I3] Flooded Area [4]
Compound [1] CAS No. {ppm) (Ib/event) {ib/hr)
T-Amyl Alcohol 75-85-4 513 42.85 7.14
T-Buty! Alcohol 75-65-0 513 8.85 1.48
Di-T-Butyl Peroxide 110-05-4 1.28 37.30 6.22
Di-T-Amyl Peroxide 10508-09-5 1.28 22,51 3.75
2,5 Dimethyl-2,5 Di (1-Butyl 78-63-7 128 2.18 036
Peroxy) Hexane
Ethyl Benzene 100-41-4 1.03 35.92 599
Naphthalene (Crude Or Refined} 91-20-3 1.03 31.27 5.21
1,2, 4 - Trimethylbenzene 95-63-6 5.64 165.37 27.56
Hydrotreated Heavy Naphtha 64742-48-9 1.03 31.27 5.21
Mineral Spirits -- 20.51 231.84 38.64
Naphtha, light aromatic 64742-95-6 15.38 514.98 85.83
Xylene, mixed isomers 1330-20-7 1.03 37.44 6.24
VOC Totals (lbs/event): 1,161.79 --
VOC Totals (tons/event): 0.58 -

! Hydrotreated heavy naphtha was modeled as naphthalene, mineral spirits was modeled as decane, and light naphtha was modeled

as pentane.

2 . . . s
Wastewater tank concentrations based on normalized wastewater organics composition.

* The emission event occurred from naon ta 6 PM on August 29, 2017; therefore, multiplied the hourly emissions by six (6) to
determine the overall emissions for the event for each chemical compound.

* Hourly Emissions (Ib/hr) = Toxchem Modeled Results (g/day)* 1/24 (day/hours} * 1/453.59 (Ib/g)

Arkema Inc. - Crosby
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Arkema Inc. - Croshy
Tank 24 2B Overflow Emissions
August 29, 2017

Tank Overflow Unit Parameters

Influent Stream
Flow Rate [11 LOST 872 6t enm L8]
Suspended Solids 20inom
VS5 to 55 Ratio 1001%
Wastewaber DU Hppm sl
O /Grease Concentration Hupm Befault
Temperature {21 718ideg ¥
22idep it Conversion
Lagoon {Pﬂiisshing Fond}
Liguld Depth 131 1.55im
Surface Area (4] 40,000.00im"
Efftuent 85 Concentration 2(Bippm Aggime ne dwnge
Site Parameters
Elevation £5] 1408
Wind Speed [2] 1733 mph
Site Wide pH ] 7 Toxgheny Pefanlt

[1] Flow based on estimated quantity of wasteveater avganics overflowing the tank divided by the estimated
duration of the svent,

(2] Temperature and wind xpeed from the Wallisville Road CH17 [BPA Site No. 48-201-061 7 myonitoring site
{hitps / fwwivireg texasgovfogi-hin/ compliance/ monops/vearty_summary.pl), sceessed October 17, 2017
Maximuym temperature was caloulated from 12:00 PM to 500 PM on August 29, 2017,

13] Liguid depth based on difference in elevation between tanks and property line at dralnage point

{4] Surface area of lagonn represented 1o be 100 meters by 400 meters based on Sow path from tank overflows
o property line.

{5} Elevation way determined using Natinpal Elevation Uata {(NED) ohtained from the United States Geological
Survey [LSGS).

Arkema Inc - Crosby
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Arkema Inc. - Crosby
Traiter No. 1 Emissions
August 31, 2017

Emissions Summary

Emissi {Ib/event)
Fmission Source [£1] NOyx PM PMy, PM,c 50, YOC HF Lead
Products in Trailer No. 1 Consumed in Fire 511.17 59.62 176.71 176.71 176.71 -- 4,751.74 -- -
Trailer Consumed in Fire 484.38 15.50 387.50 387.50 387.50 - 124.00 - -
Pallets Consumed in Fire 133.50 4.27 106.80 106.80 106.80 -- 3418 - -
Containers Consumed iun Five 342.90 1097 27437 274.32 274372 - 87.78 - -
Refrigeration Unit Consumed in Fire 61.72 1.98 49.38 4938 49.38 -- 15.80 - -
Refrigerant Consumed in Fire -- -- -- -~ -- -- -- 3.28 -
Battery Consumed in Fire - - 5.37 537 537 9.79 -- - 132
Diesel Fuel Comsumed in Fire 0.13 0.60 0.08 0.08 0.08 1.78 0.0L -- --
Total Emissionsf 1,533.79 92.94 1,000.16 1,000.16 1,000.16 11.56 5,013.50 3.28 1.82
Summary of Speciated Emissions
Compound CAS#H Lontz'lmmant Total
Code
Ih/event
Nonane 111-84-2 56703 1,297.43
Nonene 124-11-8 56704 427.13
OMS 08551-17-7 59275 1,069.31
[Acetophenone 98-86-2 59861 805.93
2-£thyl hexanol 104-76-7 51521 869.00
2-Ethy] hexanal 123-05-7 51601 282.94
[Acetons 67-64-1 54020 393.76
Ethane 74-84-0 56550 38.32
Hydrofluovic Acid 7664-39-3 11162 3.28
Lead 7439-92-1 14319 1.82
€0 630-08-0 90300 1,533.79
NOy 10102-44-0 70402 92.94
PM -- 10000 1,000.16
PM,, - 20000 1,000.16
PM, 5 - 39999 1,600.16
50, 7446-09-5 70510 11.56
Unclassified VOC [1] -~ 500001 261.76
Note:
1] Unclassified VOC includes VOC emissions from combustion products.
Arkema Inc. - Croshy
Trinity Consultants Page lof 7
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Arkema Inc. - Crashy
Trailer No. 1 Emissions
August 31, 2017

Summary of Emissions from Trailer 1
- Emissions (b/eveut]
Emission Source =5 o i i
I} Ttion to.VApar - Unburned. =
b ition Products - Durned 574357 BiLi7 5552 17671 767 ;
Total 475174 51117 59.62 17671 17671 17671
1 Emissions from citios gy Vetpor - Unbured
LT L F—
Decomp Composition| Vapor wi% Vapor, Vvapor, Emissions to
Product et T | mburned- | Unhured- | MM
o - ‘Total Speciated
s lhs lhs
Nonane T34% 37603 37693
Nonene 7.74% 9148 9148
e Carbon Dinwide 1073% 16
Lup 185075 oMS 24.89% 111z 294.06 29406
Acetophencne 2928% 345.89 345,89
Methane 391% 4619
Total VOC from Vapor (Unbarned) to Air] _ 1,000.37

Arkema lnc. - Crosy
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Arkema Inc. - Crashy
Trailer No. 1 Emissions
August 31, 2017

2. Emissions from Decomposition Products - Burnad

VOC Emissiens Destruction Efficioncy ___93% |31
Product | Speriated Product Product - )
2 $ v
Original Composition Origina wigp | DoCompossd | Docomposed |y ney . | Emissionsto |Burned - Totat|  Durmed- | TOIEVAUS L gy apur podated YOC
Product Composition Wit i, o " " Eamissionsto Air
4 s Total {5] Air 151 speciated
s Ios los b/ MMbtu ibs
':;"‘ :;:}“{(‘\‘;‘:;“:;‘: add, 1,1- ==95%  |Nomane 37% 551 205.62 2,731.81 19,000 51.90 205.62
Lup 10 Hydreperowide, 2,1-dimethylothyl <1%  |Nonens 12% 67.46 896,29 16,600 1665 6746
Carbon Dicxide 22% 1973 1590.73 0 0.00
oMS 0% 000 000 15,000 0.00 0.0
Acstone 23% 12414 164932 12,281 2025
Methare 6% 3429 45560 21509 980
Eﬁ:gﬁ::’:ﬁ;{:i: add, 1,1 > 74-<=76% |Nonane 29% 1,103 323.99 4,304.26 19,000 01.78 32393
E::V}"h“ (petroleum), hydrotreated <26%  |Nonene 10% 1062 141220 18,800 26.55 10629
v
Lup 10M75 Naphtha (peiroleurn), heavy alkyfate % Carbon Diexide 13% 1,969 0 000
Hydvoperoxide, §,1-direrhytettyl <02% oM 25% 364526 15,000 54.68 27437
Acetone 18% 259668 12,781 3191
Methane b%. 71785 #1509 15.44
:ﬁ:""tﬁ’;z:{;"“ acid, 1methyll |7y 756 |Nonane 23% 1571 368.22 4,303.34 19,000 9z.97 368.32
lethy ester
Benzcnemethanol, alpha, alpha. .
d;‘"‘;;fm anoh Apha,Apha »25-<=11% |Nonene 2% 12167 1,616.46 18,800 3039 12167
v
Lup 188M75
Betzene, (L-snetylethyl)- Carbon Dicxide 16851 2,23876 0
Ethanone, 1-phenyl- oMS 39130 5,196.08 15,000 39110
Naphtha (petroteurn), hydrotreated Acetophenone 466.04 611195 14257 46004
Napbtha (perroleurn), heavy alkylate Methane 6143 RI5.30
Fetoxydicarbatic aci. his|2-ethythexyl) Fthy] hexanol T5ad RSO0 B6O.00
];laphlha {peirolenm), bydrotreated <25%  |2-Ethyl hevamat 26294 28294
Lap 223M758 eavy
Napbtha (patroleum), heavy alkylate <25%  |Carkon Dioxide 25% 39156 0 0.00
Proprietary component <029
ﬂfm"::}f;:;zp":‘;;"d R 4- <= 75 %|Nonans 28% 241 12259 1628.69 14,000 5095 12259
I:'::’v’" 03 (petroleum), biydrofreated Nonene 9% 4022 15800 1w0.05 a0.77
-
s 545175
Lup 545075 Naphtha (petroteurn], heavy alkylate Carben Dioxide 13% 5609 74515 0 000
ydroperaxida, 1,1 dimethylpropy) <=01%  {OMS 25% 10677 145836 15,000 2198 10077
Acetone 17% 7401 98332 281 1208
{Ethane 9% 3832 5932 24426 10.40
Totals: 530.07 3,743.57
NO%.£0, and PM Emission
Emission Factors Emission
p
Pollutants o/ MMbt /e
NOY 7] 00541 59.62
[/ 05496 HILY
0. 1767

Notes
[1] Decomposition ("Decorap”) producis provided by Arkerna in the file "Crosby Inv 082817 Trailers Stg Bldgxlay
[2]Calculated based on 1000 pounds of Lup 188M75 product decomposed, provided by Arkema in the file *in the file "Crosby Inv 082817 Trailers Stg Pldgadsx’.

"OMS" stands for

[3] Per TCEQ publication RG-5604/11, Revised February 2012, TECHNICAL SGPPLEMENT 4: FLARES, based on EPA test data, for corabustions that do not satisty 40 CPR 60,18, a 93 percent destruction efficiency (DRE) is assumed.
[4] Product composition provided by Arkerna via email on 9/5,/2017 in the file "Crosby Inventory 082817 Trailers Stg Bidgxlsx”.
{5] According to Arkerna, 5% as Lup 188M75 itted as vapor prior to ion. The remaining product decomposed except dilueat (e.g, OMS) and burned with a 93% DRE {ie, 7% of decoraposition products and diluent emitted to atrnosphere and
the renudinder wiwverted o combustion products).

[6] Yaws' Haindbook of Thersnudyriarnic and Physical Properties of Chietnical Corpounds/Enthalpy of Combustion
[717CEG publication RG-3504711, Revised funuary 2017, TECHNICAL SUPPLEMENT 4: FLARES. Table A-7, air or unassisted ficr
18] Based on AP 4 Table 13.5-1, heavily stooking fares 274 g /L i exltaust, celoulated frorm conventration using F-lactor method vita dry basis, assunsing 3% 0, in exhaust gas strearn (Emission Estiraution Protecul for Petrvlzun Refingrie:, RTI buternation,
May 2011, Table 6-4)
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Arkema Inc. - Crosby
Trailer Mo. 1 Emissions
August 31, 2017

Summary of Emissions from Trailer Components Combustion

Emission Source Emissiens (lb/event}

TR voC | o | NOy PM [ PM,, | PM,
Combustion Bmissions 26176 ] 1,022.49 ] 3272 ] 818,00 | 818,00 | 818,00
{lrailers
(Weight of Trailer [1] pounds
Burned {2
[Weight of Trailer Burned paounds
Pallets
‘Weight of Each Pallet [3] 44.5 pounds
4 of Pallets in a Trailer [4] 48
Burned 100%

'Weight of Pallets Burned 2,136 pounds
LContainers
(Weight of a 5 Gal Container {5] 1,153 grams
Weight of a & Gal Container 2.54 paunds
Trailer Capacity 3,500 ft®
Number of 5 Gal Containers [mpacted |5] 2,160
Burned 100%

'Weight of Containers in a Trailer 5486 pounds
{Refrigeration Unit
Weight of Refrigeration Unit 6] 1975 pounds
Burned 509%

'Weight of Refrigeration Unit Burned 988 pounds
‘Total Weight of Solid Combustibles Per Trailer 3.18 tons
Refrigerant
Weight of Refrigerant [6] 16 pounds

L . M. Wt. Emissions
Compositions [7] CAS i Wwi%
1b/1k-mol Ihs

1,1,1-Trifluoroethane [7} 420-46-2 84.04 8.32
Pentaflucroethane [7] 354-33-6 120.02 7.04
1,1,1,2-Tetrafluoroethane [7] 811-97-2 102.03 0.64
{3 ns as Hydrofluoric Acid (HF) 7664-39-3 20.01 3.28
Battery
Weight of Battery [8] 50 pounds

M. Wt. Wi Weight
Compositions [9] CAS# ° g
1 /1b-mol Ihs

Lead 7439-92-1 207.2 35
Sulfuric acid 7664-93-9 98.08 15
Emissions from Battery Burned

Emission Factor Emissians from EmlSSli)AnS fr»om
{10} Lead B 4 Sulfuric Acid
Pollutaut ead Sume Burned [111
Ib of pollutant/ton
of metal produced 1bs bs
M 307 5.37 -
Lead 104 1.82
S04 - - 979
NOx, CO, and PM Emissions from Trailer Cemponents Combustion
e e : 2 2 : Emissions From Total Emissions
Emission Factors From From From Refrigeration Unit From Solids
Poliutants (¥4} Trailer Burning Pallets Burning | Containers Burning 8 . .
Burning Burning
Ib/ton ibs ibs lbs lbs lbs
vocC 32 124.00 34.18 87.70 15.80 261.76
NOx 4 15.50 427 10.97 1.98 32.72
co 123 484.38 133.50 342,90 61.72 1,022.49
PM 100 387.50 106.80 274.32 49.38 818.00

Notes:

[1] Per information provided by Arkema. the traileris a 33’ refrigerated trailer. based on vendor information, typical weight of refrigerated traileris 15,500 1b.

[2] Based on phone conumunics
[31 According to dimension

on between Arkema and Trinity Consultants on
trailer provided by Arkems, typical patlet used

{4] Provided by Arkems based on trailer inventory and products information.

[5] Provided by Arkeina hased on trai
[6] Weight of refrigeration unit and re
[71 Per R-404 A Refrigerant safety data sheet (SDS)
{8] Per KLLM Trailer Specifications

2

omber 6, 2017, 504 of weight of trailer estimated to be combusted.
rype of trailer is 40"x 48" and weight is 44.5 1b,

r inventory and products information, typical 35 Ibs products per container. Typical empty container weight based on vendar information.
erant hased on vendor information for typical unit.

[91 Per Lead-acid Battery SU'S normalized to total weight of battery for conservatism.

[10] The battery in engine of trailer burned in the fire and is represented as second lead processing in blast furnaces. Particulate and lead emissicn factors are selected based on AF-42
Chapter 12.11.2, Table 12.11-2, Emission Factors for Secondary Lead Processing.
{117 Sulfur dioxide (SC,) emissions estimated assuming all sulfur from sulfuric acid converted to SO,.

[12] Emission factors from AP-42 Chapter 2.5, Table 2.5-t "Emission Factors for Open Burning of Municipal Refuse,” factors for Automobile Components

Arkema Inc. - Crosby
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Products in Trailer No. 1

Arkema Inc. - Crosby
Traiter No. 1 Emissions
August 31, 2017

Naphtha (petroleum), heavy alkylate

64741-65-7

Quantity in 1st
Product Name Compesition [1] CASY “{:Zﬂ '1‘r[azi=er
Ibs

Lup 10 Neodecaneperoxoic acid, 1,1-dimethylethyt ester 26748-41-4 >=95%

Hydroperoxide, 1.1-dimethylethyl 75-91-2 <1%
Lup 10M75 Neodecaneperoxoic acid, 1,1-dimethylethyt ester 26743-41-4 >= 74- <=76%

Naphtha (petroleum), hydrotreated heavy 64742-48-9 <26%

Naphtha (petroleum), heavy alkylate €4741-65-7 <26%

Hydroperoxide, 1,1-dimethylethyl 75-91-2 <0.29%
Lup 11M45 Propaneoperoxoic acid, 2, 2-dimethyl-, 1,1- dimethlethyl ester {927-07-1 >=44- <46%

Naphtha (petroleum), hydrotreated heavy 64742-43-9 <56%

Naphtha (petroleum), heavy alkylate 64741-65-7 «56%
Lup 11M75 Propancoperoxoic acid, 2,2-dimethyl-, 1,1- dimethlethyl ester {927-07-1 >=74- <76%

Naphtha (petroleum), hydrotreated heavy 64742-468-9 <26%

Lup 188M75

Nedodecaneperoxoic acid, 1-methyl-1-phenylethyl ester
Benzenemethanol, alpha., alpha.-dimethyl-

Benzene, {1-methylethyl)-

Ethanone, 1-phenyl-

Naphtha (petroleum), hydrotreated heavy

Naphtha (petroleum), heavy alkylate

26748-47-0
617-94-7
98-84-8
98-86-2
€4742-48-Q
£4741-65-7

>=1 - <25%

=1-<25%

Lup 221 Peroxydicarbonic acid, dipropyl ester 16066-38-9 >=99 %

Lup 223M75S  |Peroxydicarbonic acid, bis(2-ethylhexyl) ester 16111-62-2 >=78-<=77%
Naphtha (petroleum), hydrotreated heavy G4742-48-9 <25%
Naphtha (petroleum), heavy alkylate 64741-65-7 <25%
Proprietary component NJTSN# 03365400 {<0.2%

Lup 2238 Peroxydicarbonic acid, his(Z-ethylhexyl) ester 16111-62-9 >= 97 - <= 100 %
Proprietary component NJTSN# 03365400 |<0.3%

Lup 222V75 Peroxydicarbonic acid, bis{2-ethylhexyl) ester 16111-62-9 5%
Proprietary component NJTSN# 03365400 {25%

Lup 225M60

Peroxydicarbonic acid, bis{ 1-methylpropyl) ester

19910-65-7

Naphtha (petroleum), hydrctreated heavy 64742-18-9 <A1%
Naphtha (petroleum), heavy alkylate 64741-65-7 <41%
Lup 546M75 Neodecaneperoxoic acid, 1,1- dimethylpropyl ester 68299-16-1 >=74-<=75%
Naphtha (petroleum), hydrotreated heavy G4742-48-9 >= (G- <=25%
Naphtha (petroleum), heavy alkylate €4741-65-7 <= 254,
Hydroperoxide, 1,1-dimethylpropyl 3425-61-4 <=01%
Total {Ibs) 75,600
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Arkema Inc. - Crosby
Traiter No. 1 Emissions
August 31, 2017

Estimate Pounds of Material Lost in Fire

Destroction Efficiency {4] 93%
rotmcsin | cumyy | o | i tofire e e | Sotrmedton | moecomtn | besmp o | ToDecomp o
Trailers 31 1 ] 151 Vapor Fire, Unburned Burned
Ibs Ibs ibs ibs
- 7% 93% 0% - 551 732375
- 7% 93% 0% - 1,162.50 14,647.50
Lup 11M45 - 7% 93% 0% - - -
Lup 11M75 - 7% 93% 0% - - -
Lup 188M75 5% 6.65% 38.35% 0% 1,181.25 1,571.06
- 7% 93% 0% -
Lup 223M753 - 7% 93% 0% - 3,543.50
- 7% 93% 0% - - -
Lup 223V75 - 7% 93% 0% - - -
Lup 225M60 -~ 7Y% 93% 0% - - -
Lup 546M75 - 7% 93% 0% - 441.00 5859.00
75,600 1,181.25 5,209.31 69,209.44

Notes:

[1] Product composition provided by Arkema via email on 9/5/2017 in the fil
|2} Provided by Arkema via email on 9/8/2017 in the tile "Crosby Inv 082817 Trailers Stg Bldgxisx".

[3] Based on the information provided by Arkema, 5% of Lup 188M75 is used to represent the decomposition products to vapor phase.

5

“rosby Inventory 982817 Trailers Stg Bldg.dsx".

|4} Per TCEQ publicaticn RG-360A/11, Revised February 2012, TECHNICAL SUPPLEMENT 4: FLARES, based on EPA test data, for combustions that do not satisfy 40 CFR 69.18.a 93
percent destruction iency is assumed. Theretfore, tor decomposed product Lup 188M75 remaining after vapor release, 7% unburned, and 93% of decomposed part is burned.
[5] Value excludes diluent (e.g., naphtha)

Arkema Inc. - Crosby
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Arkema Inc. - Crosby
Trailer No. 1 Emissions
August 31, 2017

Input
Parameter Value Units
Diesel Oil Burned [1] 25 gal/event

! Volume combusted based on email from Arkema, September 7, 2017.

Emission Factors and Emissions of Criteria Pollutants

Emission Factor
{10 2] Emissions
(lb/event) {short tons/event}

Pollutant (Ib/Mgal}

CcOo 5 0.13 6.3E-05
NOy 24 0.60 3.0E-04
PM 3.3 0.08 4.1E-05
PMq 3.3 0.08 4.1E-05
PM, 5 3.3 0.08 4.1E-05
S0, 71 1.78 8.9E-04
VOC 0.2 0.01 2.5E-06

Note:

[1] U.S. EPA AP-42, Section 1.3 - Fuel Oil Combustion, May 2010, Tables 1.3-1 and 1.3-2 - No. 2 oil fired (1-01-005-01), (1-02-005-01), (1-03-005-01) for €0,
NOy PM, PM,q, PM, 5, and SO,

[21U.S. EPA AP-42, Section 1.3 - Fuel 0il Combustion, May 2010, Table 1.3-3 - Industrial boilers, Distillate ol fired (1-02-005-01/02/03) for VOC.
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Arkema Inc. - Crosby
Trailer Nos. 2 and 3 Emissions
September 1, 2017

Emissions Sumsnary

Emissions {Ib/event]
Erission Source Co NOy PM PM;, PM, 5 SO, vOC HF Lead
Products in Trailer No. 2 and 3 Consumed in Fire 475,95 55.98 165.92 165.92 165.92 -~ 3,977.20 - -
Trailer Consumed in Fire 968.78 31.00 775.00 775.00 775.00 - 248.00 - -
Paliets Consumed in Fire 122.38 3.92 a7.90 a7.90 97.90 - 31.33 - o
Containers Consumed in Fire 314.33 10.06 251.46 251.46 251.46 80,47 -
Refrigevation Unit in Fire 123.44 3.95 98.75 98.75 98.75 -- 31.60 - --
Refrigerant Consuymed in Fire -- -- -- -- -- -- -- 6.56 --
Battery Consumed in Fire -- - 10.75 10.75 10.75 19,58 -- - 3.64
Diesel Fuel Combusted in Fire 0.25 1.20 0.17 0.17 0.17 3.55 (.01 -- --
Total Emissions]  2,009.09 106.10 1,399.94 1,399.94 1,399.94 23.13 4,368.61 6.56 3.64
Summary of Speciated Emissions
Compound CASH Contfaminant Total
Code
1b/event
Nonane 111-84-2 56703 1,424.49
Nonene 124-11-8 56704 1,226.90
OMS 68551-17-7 59275 527.99
Acetcphenone 9B-86-2 59861 249.37
2-Ethyl hexanol 104-76-7 51521 89.87
2-Ethyl hexanal 123-05-7 51601 89.87
Acctone 67-64-1 54020 43036
Ethane 74-84-0 56550 223.75
Hydrofluoric Acid 7664-39-3 11162 6.56
Lead 7439-92-1 14319 3.64
co 630-08-0 90300 2,0609.09
NOy 10102-44-0 70402 106.10
PM -- 10000 1,399.94
PMyo 200090 1,399.94
PM;5 - 39999 1,399.94
SO, 7446-09-5 70510 23.13
Unclassified VOC 1] - 500001 391.41
Note:
[1] Unclassified VOC includes VOC emissions from combustion products.
Arkema Inc. - Crosky
Trinity Corsultants Pagelof7
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Sommary of Emis

tons from Trafer 2 and Frailerd

Arkema Inc. - Crosby

Traller Nos. 2 and 3 Emissions

September 1, 2017

Arkema Inc. - Crosby

Trinity Consulrants

Confidential Business Information

" Tinissions (Ibjever)
Emission Source Var ) Oy [ B,y
TV e TR ~ ~
Products burzed 52085 555 5351 16351 15557
Total 3.977.20 17995 16392 16597 165.97
1 Epnigsions o Yopor.; Unburies.
Decompto Decompto | Speciatod VoL,
Decomp Composition| Vapor wi% [Vapor, Uaburned] Emissi
Praduct ; “
o 2l Totas - Speciated #ir
Ths s s
Fomre 5% Tts57 Ticor
12 24% 818
" s 375
e 10 0.06% 3 0
T
Ronerc % .75
. carbon D 19.73% _— 757
Lz L3M7S o 2489% sau0 136,53 156553
e — 2220 3445 10445
éccbane 591 3483
TofalVOL frami Vapae (Unburaedy o Al 732
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Arkema Inc. - Crosby
Traller Nos. 2 and 3 Emissions
September 1, 2017

2 Emissions from Decomposition Produts - Burned

Vo Fmission Destruction Effciency 3% )
- Product | Specioted Product | Product i o
inal Compasition inal wevg | Docompused | Decampased |y ooy | piscions to | Bumed - Totat ] Borned. | ROUISVAME L o pue | Speciated VOC
Praduct Cocopositinu g 1 i G 161 Fmissinos to Air
14 141 5 i Fatat 15 i { speriaind
Ibs s Ws f Wb biu/b MMbiu ibs
Recdecanepeionoic sid, 1i- . on o . . e .
i etliyletagl ester e o e 7% 24 060 31 195,
19 v dropercxice. 1,1-imsthylsthy! <o anene 1254 18,500 16.0: 6405
Carbonu Dioxide 225 0 oeo
ons ) 15,460 0.c0 600
acetone 255 12,281 19,24
Metnare % 31,50 251
[Noodecaneperaoic scid, 1i- . . o L .
i =74 <s76%  Ranane 2346 2095 317809 15060
dimetiyleray! ester
Hianlitaa (perrlens, ayertreated . -
b (o R <280 {Nenene e 2019 48318 18,860 504 0186
neavy
Lup 2IM75 Napbtaa (petrolonm), heavy alkylats <26% Garben Dioxide 3% 28163 374157 3 aso
11y droperaside, 1,1 dimethy wme  {oms 256 592600 15,460 10389
[acotons 1806 12,281 50,56
eraare. 5%, L3688 21368 95
ortocecansporoneic oo, f-motiy . s 1s6te 2 ccors Lo ase toa
[oherytethy accar Honane & 19 et 15 9
[Benzenemethanal, a:pha.alpha-
ehzenemenianc, apz.alpha Nonene & 6489 81l 18,800 16.2 6085
aimechyl-
Lup 138M75
Benzene, (4 methylethy) Caubin Dioxide 115 907 0 060
Etkanane, pheny o 2% 20858 15,060 157 0859
Naphtza (petroleum}, >=1-<u5%  |acerophenone 25 24535 14357 647 20555
[Naphtia (petroleum, heavy alieylate sm1-<28%  {Mstharve % 3276 21,568 .26
Seroxycicarbonicacic, B ety eyl | > 75 <= 77 6 {2 Sthwl hexano S5 5 3657 SR %
apbtia (ol hycrotreated B
Faccer @506 {3Eehy) exaual 185 161,68 15,400 2.3
Lup 2250755
nahitna [petrolewns, neavy alkyhite a3t {Corban Diowide 25 o 060
proprictary comporen 020
eeodecaveperacoic acid, |,i- - o - i s B o .
mmetmsimmooy oater 2=74-<=75 5% {Honans 285% i 122 is2869 19,00 3055
st (porsiuns, bpiromested ronone q% w0 ss | s 005 teaz
Lup S46N7S [nalitna [cetrolewtn’, aeavy alkylite arben Lioxide 130 5609 745.15 [ a60
iy drope raide, 1 1-cimethyplpropy] w=cate foms 25% 16977 15,000 0577
acercns 175 7401 98532 13,381
Erisne £ 3032 0212 e
Totals 524135
NO%, 60, 200 PM Btsstons,
iaion Facturs
Paltutants fasion Fach
Tl
0S5
015 16552

Nases
[1 Decorposition (" Dezemp"} products provided by Arkema in tha fils "Crosby v 081817 Trailers Stg Bldgalex’,"OM3" stands for
| ZiCalculated based on 1000 parnds of Lup 188M75 sraduct decampased, Lrosided by Arkerra in she file "ir the fle "Grosky [av 682817 ¥
[3] Per TEEQ pabiicatisn RG-3664/11, Revis=i! Februasy 2012, TECHNICAL SUFPLEMENT 4: TLAKES, bassd on EPAL,

[4] Broduct campositior. provided by Aricema viz omsil an &/5 /2017 m th filo "Crogby Inveatory 062317 Trarlers Stg Bldgadax”
(5] Acerdinzro Atkama, 5 s Lap 10 ard LUP 138M75 was emitted 26 vapar priar to combiistian. Tae remaining pracuct decampased except diluens (ag, IMS! snd bucvect with 2 93% DRE (Le. 7% of da
emitred to am Gsphere and tae remainder converted o combustion products’

6] vaws' Handboak of 7 Fermodynzn ¢ and Physical Preperties of Chemlca! Gompounds /Enchalpy of Sembussion
[71TC8Q publication RG-2606/1%, Revised Janucty 2627, TECHNICAL SUPPLEMENT 4: FLARES, Tuble 47, dir ted fre, iow Bt

[8] Based an AP 47 Table 13:3-1, heavily smokin flares 274 /L m exhaust, caloulated from censencration 1sing F Factor method an a dry basis, asn:ming 306 O ir exhavst gas stream (Emission Estimotion Proiccol for Petrateur Refinaries, AT Intarmasioual, Mag 20

Bidgusx’
data, for combustions that o not savisfy 40 CFR 66.18, ¢ 92

zction e fficieacy (DRE} is assuried,

position products nd dilven

o una

1, Table 6-4;
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Arkema Inc. - Crosby
Trailer Nos. 2 and 3 Emissions
September 1, 2017

Summary of Emissions from Trailer No. 2 and No.3 Components Combustion

Emission S Emissiens (lb/event}
mission source VoC T 0 T NO PM [ PM,, | PM,,
Combustion Emissions 39140 ] 1,528.89 ] 4802 ] 122311 | 122311 ! 122311
Trailers
‘Weight of a Trailer [ 1] pounds
Number of Trailers Burned
Burned 2]
‘Weight of Trailer Burned pounds
Pallets
'Weight of Each Pallet [3] 44.3 pounds
# of Pallets in a Trailer [4} 22
Burned 100%
(Weight of Pallets Burnad 1,958 pounds
(e S
'Weightof a & Gal Container {51 3,153 girams
Weight of a 5 Gal Container. 2.54 pounds
Trailer Capacity 3,500 %
Number of 5 Gal Containers Impacted [5] 1,980
Burned 100%
'Weight of Containers in a Trailer 5,029 pounds
\Refrigeration Unit
(Weight of a Refrigeration Unit [6] pounds
Burned
(Weight of Refrigeration Unit Burned pounds
Total Weight of Solid Combustibles Per Traiter tons
Refrigerant
Weight of Refrigerant {6} 16 pounds/trailer
- M. Wt, Cmissions
Compositions |7] CASH# Wil
1b/1b-mol Ibs
1,1,1-Trifiuoroethanc 7} 420-16-2 84,04 52% 16.64
Pentafluoroethane [7] 354-33-6 120,02 44%, 14.08
1,1,1,2-Tetrafluoroethans [7] 811-97-2 102.03 A% 1.28
Emissions as Hydrogen Fluoride 76641-39-3 20.01 6.56
Battery
‘Weight of Battery [8] 50 pounds/trailer
M. Wt. W% Weight
Compositions [9] CAS # * S
1b/1b-mol tbs
Lead 7439-92-1 207.2 70% 70
Sulfuric acid 7664-93-9 98.08 30% 30
Emissions from Battery Burned
PRSI T
Emission Factor Emisstons from Emissions from
1101 Lead Burned Suifuric actd
Pollutant Burped (111
Ib of pollutant/ton
of metal produced 1bs 1bs
rM 307 10.75 --
104 364
NOx, €O, and PM Tmissions from Trailer Components Combustion
I Emissions From Total Emissions
Emission Factors From From From Refrigeration Unit From Solids
Poliutants j12}) Trailer Burning Pallets Burning | Containers Burning & X .
Burning Burning
Ib/ton ibs ibs lbs bs lbs
vocC 32 248.00 31.33 8047 31.60 391.40
NOx 4 21.00 2 10.06 395 48.92
Co 123 968.75 122.38 314.33 123.44 1,528.89
PM 100 775.00 97.30 251.46 98.75 1,223.11

Notes:
[1] Periaf

ormation provided by Arkema, the wailer is 3 53" vefrigeratayd trailer, based on vendor information, typical weight of refrigerated traileris 15,500 fh.

{2] Based on phone communication between Arkema and Trinity Consultants on September 6, 2017, 50% of weight of trailer estimated to be combusted.
[3] According to dimensions of trailer provided by Arkema, typical pallet used in this type of trailer is 40"x 48” and weight is 44.5 Ib.
{4] Provided by Arkema based on trailer inventory and preducts information.
{51 Provided by Arkema based on trailer inventory and products information, typical 35 Ibs products per container. Typical empty container weight based on vendor information.
{6] Weight of refrigeration unit and refrigerant based on vendor information for typical vnit.

{71 Per R-104 A Refrigerant safety dat:
{R] Per KLLM Trailer Specifications

shect (SDS)

{91 Per Lead-acid Battery SDS normalized to total weight of battery for conservatism

[10] The battery in engine of trailer hurned in the fire

Chapter 12.11.2, Table 12,11-2, Emission Factors for Secondary Lead Processing.

[117 Sulfur dioxide (SC;) emissions esti

ated assuming all sulfur from sulfuric acid converted to SO,.

[12] Emission factors from AP-42 Chapter 2.3, Table 2.5-1 "Emission Factors for Open Burming of Mugicipal Refuse,” factors for Automobile Components

i represented as second lead processing in blast furnaces. Particulate and lead emission factors are selacted based on AP-42

Arkema Inc. - Crosby
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Products in Trailer No. 2 and No.3

Arkema Inc. - Crosby

Trailer Nos. 2 and 3 Emissions

September 1, 2017

Quantity in
Product Name Composition [1] CAS# V\[I:“i’u 'l‘r:?;l‘ers
ibs

Lup 10 Neodecaneperoxoic acid, 1,1-dimethylethyl ester 26748-41-4 >=95%
Hydroperoxide, 1,1-dimethylethyl 75-91-2 <1%

Lup 10M75 Neodecaneperoxoic acid, 1,1-dimethylethyl ester 26748-41-4 >= 74 <=76%
Naphtha (petroleum]), hydrotreated heavy 64742-48-9 <26%
Naphtha (petroleum]}, heavy alkylate 64741-65-7 <26%
Hydroperoxide, 1,1-dimethylethyl 75-91-2 <0.2%

Lup 11M45 Propaneoperoxoic acid, 2,2-dimethyl-, 1,1- dimethlethyl ester {927-07-1 >=44- <46%
Naphtha (petroleum}, hydrotreated heavy 647 42-48-9 <56%
Naphtha (petroleum}, heavy alkylate 64741-65-7 <56%

Lup 11M75 Fropaneoperoxoic acid, 2,2-dimethyl-, 1,1- dimethlethylester {927-07-1 »=71- <76%
Naphtha (petroleum}, hydrotreated heavy 64712-48-9 <26%
Naphtha (petroleum}, heavy alkylate 64741-65-7 <26%

Lup 188M75  jNedodecaneperoxoic acid, 1-methyl-1-phenylethyl ester 26748-47-0 »=74- <75%
Benzenemethanol, alpha,.alpha.-dimethyt- 617-94-7 »=5-<=11%
Benzene, (1-methylethyl)- 98-82-8 =l <=7 %
Ethanone, 1-phenyl- 98-86-2 <=5%
Naphtha (petroleum}, hydrotreated heavy 64742-48-9 >=1-<25%
Naphtha (petroleum), heavy alkylate 64741-65-7 >=1-<25%

Lup 221 Peroxydicarbouic acid, dipropyl ester 16066-38-9 »>=99 %

Lup 223M75S {Peroxydicarbonic acid, bis(2-ethylhexyl] ester 16111-62-9 »>=75-<=77%
Naphtha (petroleum}, hydrotreated heavy 64742-48-9 <25%
Naphtha (petroleum), heavy alkylate 64741-65-7 <25%
Proprietary component NJTSN# 03365400 |<0.2%

Lup 223§ Peroxydicarbonic acid, bis(2-ethylhexyl) ester 16111-62-9 >= 97 -<=100 %
Proprietary component NITSN# 03365400 |<0.3%

Lup 223V75 Peroxydicarbonic acid, bis{2-ethylhexyl) ester 16111-62-9 75%
Proprietary component NJTSN# 03365400 [25%

Lup 225M60  {Peroxydicarbonic acid, bis{1-methylpropyl) ester 19910-65-7 >=59-<=61%
Naphtha (petroleum], hydrotreated heavy 64742-48-9 <41%
Naphtha (petroleun), heavy alkylate 64741-65-7 <41%

Lup 516M75 Neodecaneperoxoic acid, 1,1- dimethyipropyl ester 68299-16-1 »>=71-<=75%
Naphiha (petrolenm), hydrotreated heavy 64742-48-9 >=0-<=250
Naphtha (petroleum), heavy alkylate 64741-65-7 »={-<=25%
Hydroperoxide, 1,1-dimethylpropyl 3425-61-1 <=0.1%

Total (ibs} 69,300

Arkema Inc. - Crosby
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Arkema Inc. - Crosby
Trailer Nos. 2 and 3 Emissions
September 1, 2017

Estimate Pounds of Material Lost in Fire

Destruction Efficiency [4] 93%
% Fast Decomp - { % Decomp to Fire {% Decomp to Fire { % Burned from 1b Decomp to ib Decomp to ib Decomp to
Products in Quantity {1} to Vapor Unburned Burmed Original Product Va orp Fire, Fire Eunl:e d
Trailers 31 4} {41 {51 P Unburned '
Ibs ibs ihs Ibs
5% 6.65% 88.35% 0% 393.75 524 6,957.56
- 7% 93% 0% -- 2,094.75 27,830.25
- 7% 939% 8% - - -
- 7% 93% 0% - - -
5% 6.65% 88.35% 0% 630.00 837.90 11,132.10
- 7% 93% 0% - - --
-~ 7% 3% 0% - 882.00 11,718.00
- 7% 93% 0% -- - --
- 7% 93% 0% -- - -
- 7% 93% 0% - - -
-~ 7% 93% 0% - 441.00 5,859.00
1,023.75 4,779.34 63,496.91

Notes:

{1} Product composition provided by Arkema via email on 3/5/2017 in the file "Crosby Inventory 082817 Trailers Stg Bldg.xlsx”.

[2] Provided by Arkema via email on 9/8,/2017 in the file "Crosby Inv 082817 Trailers Stg Bldg.xlsx™

[3] According to Arkema, 5% as Lup 10 and LUP 188M75 was emitted as vapor prior to combustion. The remaining product decomposed except diluent (e.g., OMS) and
burned with a 93% DRE (i.e,, 7% of decompasition products and diluent emitted to atmosphere and the remainder converted to combustion products).

[4] Per TCEQ publication RG-3604/11, Revised February 2012, VECHNICAL SUPPLEMENT 4: FLARES, based on EPA test data, for combustions that do not satisfy 40 CFR
60.18, a 93 percent destruction efficiency is assumed. Therefore, for decomposed product Lup 188M75 remaining after vapor release, 79 unburned, and 93% of
decomposed part is butned.

[5] Value excludes diluent (e.g., naphtha).

Arkema Inc. - Crosby
Trinity Consultants Page 6 of 7

Confidential Business Information ARK_TCEQ_0000464

ED_004042_00000162-00092



Arkema Inc. - Crosby
Trailer Nos. 2 and 3 Emissions
September 1, 2017

Input
Parameter Value Units
Diesel Oil Burned [1] 50 gal/event

[1] Total volume combusted (25 gallons from each trailer) based on email from Arkema, September 7, 2017.

Emission Factors and Emissions of Criteria Pollutants

Emission Factor
{10 2] Emissions
(Ib/event) {short tons/event)

Pollutant {lb/ Mgal)

CO 5 0.25 1.3E-04
NOy 24 1.20 6.0E-04
PM 3.3 0.17 8.3E-05
PM,, 3.3 0.17 8.3E-05
PM; 5 3.3 0.17 8.3E-05
S0, 71 3.55 1.8E-03
VOC 0.2 0.01 3.0E-06

Notes:

[1]U.S. EPA AP-42, Section 1.3 - Fuel Oil Combustion, May 2010, Tables 1.3-1 and 1.3-2 - No. 2 oil fired {1-01-005-01), (1-02-005-01), (1-03-005-01) for CO,
N0y, PM, PM,,, PM, ;, and SO,

[21U.S. EPA AP-42, Section 1.3 - Fuel 0il Combustion, May 2010, Table 1.3-3 - Industrial boilers, Distillate ol fired {1-02-005-01/02/03) for VOC,
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Arkema Inc. - Crosby
Trailer No. 4-9 Products Decomposition Emissions

September 2, 2017

Trailer No. 4-9 Products Decomposition Emissions Summary

VOC
Emissions
Emission Source {Ib/event}
Products in Trailer No. 4 - 9 Decomposed to Air 1,329.46
Total Emissions 1,329.46
Summary of Speciated Emissions
CAS# Contaminant Total
Compound Code
Ib/event
Isobutane 75-28-5 56703 376.93
Isobutene 115-11-7 56704 121.29
OMS 68551-17-7 59275 831.24
Acetone 67-64-1 54020 502.17

Arkema Inc. - Crosby
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Summary of Emissions from Traile

- No. 4-9 Products Becomposition f1]

Arkema Inc. - Crosby
Trailer No. 4-9 Products Decompaosition Emissions
September 2, 2017

Emissions (lb/event)

Emission Source

VOC {0 NOy PM PM. PM;s
Decomposition to Vapor - Unbummed 1,329 46 - - -- - --
Total 1,329.46 .00 0.00 0.00 0.00 8.00
1. Emissions from Decomposition to Vapor - Unburned
De‘;:omp to Decomp to Speciated VOC
Product Decomp C[(Z)r]nposition Vap([l;]wt% Unbil:-rol:‘d . ‘v'altosr, :J;:tl:;lned Emisiii:ns to
Total P -
Jos Ibs ths

Lup 11M45 Isobutane 12.46% 12350 12350

Isobutene 4.01% 39.74 39.74

Carbon Dioxide 12.57% 99150 12468

OoMS 50% - 494 493.60

Acetone 16.59% 16453

Methane 4.58% 45.45

Isobutane 18.64% 25343 253.43

Isobutene 6.00% 8155 81.55

- Carbon Dioxide 18.82% PR 255.86
r 1 159 29

fup 1IM75 oMS 24.84% 1,353.39 337.64 337.64

Acetone 24.84% 337.64

Methane 6.86% 93.27

Taotal VOC from Vapor {Unbuned) to Aix]  1,329.46

Notes

{1] Based on information provided by Arkema, from Trailers 4-6, two trailers (5 and ) had decomposition of products released to atmosphere on September 2, 2017 prior to the
controlled combustion on September 3, 2017. The quantity decomposed is estimated to be 5% of the weight of Lup 11M45 and 11M75 which are used to vepresent the
decomposition products to the vapor phase and emissions from the trailers to atwosphete on September 2, 2017, Fwissions associated with the vemaining product are
represented in a separate emission event for the controlled combustion on September 3, 2017.

{2] Decomposition {"Decomp”) products provided by Arkema in the file "Crosby Inv 082817 Trailers Stg Bldgxlsx". "OMS" stands for Organic Mineral Spirits.
|3} Calculated based on Lup 11M75 and 11M45 product decomposed, provided by Avkema in the file "in the file "Crosby Inv 082817 Trailers Stg Bldgxlsx".
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Arkema Inc. - Crosby
Trailer No. 4-9 Products Decomposition Emissions
September 2, 2017

Products in Trailer No. 4-9

Quantity in
Product Name Composition [1] CAS# “[I;Ofl Tre;;l]e TS
1bs
Lup 10 Neodecaneperoxoic acid, 1,1-dimethylethyl ester 26748-41-1 >=95%
Hydroperoxide, 1,1-dimethylethyl 75-91-2 <1%
Lup 10M75 Neodecaneperoxoic acid, 1,1-dimethylethyl ester 26748-41-1 >= 74- <=76%
Naphtha (petroleum}, hydrotreated heavy 64742-48-9 <26%
Naphtha (petroleum), heavy alkylate 64741-65-7 <26%
Hydroperoxide, 1,1-dimethylethyl 75-91-2 <0.2%
Lup 11M45 Propaneoperoxoic acid, 2,2-dimethyl-, 1,1- dimethlethyl ester (927-07-1 >=44- <46%
Naphtha (petroleum), hydrotreated heavy 64742-48-9 <56%
Naphtha (petroleum}, heavy alkylate 64741-65-7 <56%
Lup 11M75 Prapaneoperoxoic acid, 2,2-dimethyl-, 1,1- dimethlethyl ester [927-07-1 >=74- <76%
Naphtha (petroleum)}, hydrotreated heavy 647412-18-9 <26%
Naphtha (petroleum), heavy alkylate 64741-65-7 <26%
Lup 188M75 Nedodecaneperoxoic acid, 1-methyl-1-phenylethyl ester 26748-17-0 >=74- <75%
Benzenemethanol, .alpha,.alpha.-dimethyl- 617-94-7 >=5- <=11%
Benzene, (1-methylethyl)- 98-82-8 >=5-<=7%
Lthanone, 1-phenyl- 98-86-2 <=5%
Naphtha (petroleum)}, hydrotreated heavy 64742-18-9 >=1-<25%
Naphtha (petroleum}, heavy alkylate 647411-65-7 >=1-<25%
Lup 221 Peroxydicarbonic acid, dipropyl ester 16066-38-9 >=99 %
Lup 223M75S  {Peroxydicarbonic acid, bis(2-ethylhexyl) ester 16111-62-9 >=75-<=77 %
Naphtha (petroleum), hydrotreated heavy 64742-48-9 <25%
Naphtha (petroleurn), heavy alkylate 64741-65-7 «25%
Proprietary component NJTSN# 03365400 |<0.2%
Lup 223S Peroxydicarbonic acid, bis(2-ethylhexyl} ester 16111-62-9 >= 97 -<=100%
Proprietary component NJTSN# 03365400 1<0.3%
Lup 223V75 Peroxydicarbonic acid, his(2-ethylhexyl) ester 16111-62-9 75%
Proprietary component NJTSN# 03365400 {25%
Lup 225M60  {Peroxydicarbonic acid, his(1-methylpropyl) ester 19910-65-7 >=09-<=61%
Naphtha (petroleum), hydrotreated heavy 64742-48-9 <41%
Naphtha (petroleum), beavy alkylate 64741-65-7 <415
Lup 546M75 | Neodecaneperoxoic acid, 1,1- dimethylpropyl ester 68299-16-1 >=74-<=75%
Naphtha (petroleum), hydrotreated heavy 64742-48-9 >=0-<=25%
Naphtha (petroleum}, heavy alkylate 64741-65-7 >=0-<=25%
Hydroperoxide, 1,1- dimethylpropyl 3425-61-4 <=0.1%
Total (Ibs) 221,716
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Trailer No. 4-9 Products Decomposition Emissions

Estimate Pounds of Material Lost to Atmosphere

Arkema Inc. - Crosby

September 2, 2017

% Fast Decomp - Ib Decomp to
Products in Quantity [1] to Vapor v 4
Trailers 3] apor
1bs 1bs
5.00% 991.50
5.00% 1,359.39
221,716 2,350.89

Notes:

[1] Product composition provided by Arkema via email on 9/5/2017 in the file "Crosby Inventory 082817 Trailers Stg Bldg.xlsx".
[2] Provided by Arkema via email on 9/8/2017 in the file "Croshy Inv 082817 Trailers Stg Bldg.xlsx".

|3] Based on information provided by Arkema, from Trailers 4-6, two trailers (5 and 8) had decomposition of products released to atmosphere on

September 2, 2017 prior to the controlled combustion on September 3, 2017. The quartity decomposed is estimated to be 5

of the weight of Lup 11M45

and 11M75 which are used to represent the decomposition products to the vapor phase and emissions from the trailers to atmosphere on September 2,
2017, Emissions associated with the remaining product are represented in a separate emission event for the controlled combustion on September 3, 2017.
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Arkema Inc. - Crosby
Trailer No. 4-9 Combustion Emissions
September 3, 2017

Emissions Sumsnary

Emissions (lb/event}
Fai on Spurce [$Y NOy PM PM,, PM; 33, VOC HF Lead
Products in Trailer Nos. 4-9 Consumed in Fire 1,453.11 170.06 504.08 504.08 504.08 -~ 10,368.95 - --
Trailer Consumed in Fire 2506.25 93.00 2,325.00 2.325.00 2,325.00 - 744.00 - -
Paliets Consumed in Fire 36713 11.75 293.7¢ 293.7¢ 293.70 - 93.98 - -
Containers Consumed in Fire 1,605.64 3218 804.51 £804.51 £04.51 - 25744 - --
Refrigevation Unit in Fire 370.31 11.85 296.25 296.25 296.25 - 94.80 - -
Refrigerant Consumed in Fire -- - - - - - - 19.68 -
Battery Consumed in Fire -- -~ 32.24 32.24 32.24 58.73 -- -- 10.92
Total Emissions|  6,107.44 318.84- 4,255.77 4,255.77 4,255.77 58.73 11,559.17 19.68 10.92
Summary of Speciated Emissions
Compound CASH Contaminant Total
Code
Ib/event
Nonane 111-84-2 56703 2,268.66
Nonene 124-11-8 56704 746.08
Isobutane 75-28-5 55178 501.32
Isobutene 115-11-7 90100 161.31
f-propanol 71-23- 51570 64.32
n-propanal 123-38-6 51721 20.72
sec-butanol 78-92-2 51580 219.22
sec-butanone 78-93-3 54065 71.09
OMS 56551-17-7 59275 2,608.73
Acetophenone 98-86-2 59861 969.34
2-Ethyl hexanol 104-76-7 51521 2,065.61
2-Ethyl hexanal 123-05-7 51601 672.55
Acetone 67-64-1 54020 1,569.03
Ethane 74-84-0 56550 2448
Hydrofluoric Acid 7664-39-3 11162 19.68
Lead 7439-92-1 14319 10.92
QO 630-08-0 20300 6,107.44
NOy 10102-44-0 70402 318.84
PM -- 10000 4,255.77
PMyq 20000 4,255.77
PM,s - 39099 4,255.77
Unclassified VOC [1] -- 500001 1,190.23
Note:
{1] Unciassified VOC includes VC emissions irom combustion products.
Arkema Inc. - Crosky
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Arkema Ins. - Crosby
Trailer No. 4-9 Combustion Emissions
September 3, 2017
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Arkema Inc. - Crosby

Trailer No. 4-9 Combustion Emissicns

September 3, 2017
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Arkema Inc. - Crosby
Trailer No. 4-9 Combustion Emissions
September 3, 2017

Products i Trailer No. 4 to No.9

Quantity in
Product Name Composition [1] CAS# “{;UJ/“ Trail[e;}s 49
ibs
Lup 10 Neodecane peroxoic acid, 1,1-dimethylethyl ester 26748-41-4 >=95%
Hydroperoxide, 1,1-dimethylethyl 75-91-2 <1%
Lup 10M75 Neodecaneperoxoic acid, 1,1-dimethylethyl ester 26748-41-4 >z 74- <=76%
Naphtha (petroleum}, hydrotreated heavy 64742-48-9 <26%
Naphtha (petroleum), heavy alkylate 64741-65-7 <26%
Hydvoperoxide, 1,1-dimethylethy} 75-91-2 <0.2%
Lup 11M45 Propanecperoxoic acid, 2,2-dimethyl-, 1,1- dimethlethyl ester 927-07-1 >=44- <46%
Naphtha (petroleum), hydrotreated heavy 64742-48-9 <56%
Naphtha (petroleum), heavy alkylate 64741-65-7 <56%
Lup 11M75 Propaneoperoxoic acid, 2,2-dimethyl-, 1,1- dimethlethyl ester 927-07-1 >=74 <76%
Naphtha (petroleum), hydrotreated heavy 64742-18-9 <26%
MNaphtha (petroleum), heavy alkylate 64741-65-7 <26%
Lup 188M75 Nedodecaneperoxoic acid, 1-methyl-1-phenylethyl ester 26748-47-0 »>=74- <75%
Benzenemethanol, .alpha,.alpha-dimethyl- 617-94-7 >=5- <=11%
Benzene, (1-methylethyl)- 98-82-8 >=5.<=7%
Ethanone, 1-phenyl- 98-86-2 <=5%
Naphtha (petroleum}, hydrotreated heavy 64742-48-9 >=1-<25%
Naphtha (petvoleuu), heavy alkylate 64741-65-7 >=1 - <20%
Lup 221 Peroxydicarbonie acid, dipropyl ester 16066-38-9 >=99%
Lup 223M755  |Peroxydicarbonic acid, bis(2-ethythexyl) ester 16111-62-9 >=75-<=77%
Naphtha (petroleum), hydrotreated heavy 64742-48-9 <25%
Naphtha (petroleum), heavy alkylate 64741-65-7 <25%
Proprietary component NJTSN# 03365400 {<0.2%
Lup 2235 Peroxydicarbonic acid, bis{Z-ethythexyl) ester 16111-62-9 >=97-<=100%
Proprietary component NJTSN# 03365400 {<0.3%
Lup 223v75 Peroxydicarbonic acid, bis{ 2-ethythexyl) ester 16111-62-9 75%
Proprietary component NJTSN# 03365400 |25%
Tup 225M60 Pevoxydicarbonic acid, bis(1-methylpropy!} ester 19910-65-7 >=59-<=61%
Naphtha (petroleum}, hydrotreated heavy 64742-48-9 <41%
Naphtha (petroleum}, heavy alkylate 64741-65-7 <41%
Lup H46M75 Neodecaneperoxoic acid, 1,1- dimethylpropyl ester 68299-16-1 >=74-<=75%
Naphtha (petroleum), hydrotreated heavy 64742-48-9 >=0-<=25%
Naphtha (petrolenm), heavy alkylate 64741-65-7 >=0-<=25%
Hydroperoxide, 1,1-dimethylpropyl 3425-61-4 <=01%
Total (1bs}{221,716
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Arkema Inc. - Crosby
Trailer No. 4-9 Combustion Emissions
September 3, 2017

Estimate Pouunds of Matevial Lost in Five

Destruction Efficiency [4] 93%
Q, - o, o i -9 i - G, X
Products in Quantity [1] "’ FaﬂV]::\;?rmp e D;L::ﬁx:(e’: e De‘;;::ﬁ:g e O/:')igBil::;i(:'(t;ldul::t b D‘(::comp to ].b_ Decomp to lb. Decon.lp to
Trailers 3] 4] (4] 5] apor Fire, Unburned| Fire, Burned
lbs ths Ibs 1bs
- 7% 93% 0% - 2,839 37,712
-- 7% 93% 0% - 1,209.74 16,072
5.00% 6.65% 88.35% 0% 991.50 1,31870 17,520
Lup 11M75 5.00% 6.65% 88.35% 0% 1,359.39 1,80798 24,020
Lup 188M75 - 7% 93% 0% - 3,31037 43,981
-- 7% 93% % - 147.84 1,964
Lup 223M758 -- 7% 93% 9% - 2,741.55 36,423
Lup 223§ - 7% 93% 0% - 64512 8571
Lup 223V75 -- 7% 93% 0% - 28224 3,750
Lup 225M60 7% 93% 0% 77175 10,253
Lup 546M75 -~ 7% 93% 0% - 28175 3,743
Total 221,716 2,350.89 15,355.54 204,009

Notes:

{1} Product composition provided by Arkema via email on 9/5/2017 in the file "Crosby Inventory 082817 Trailers Stg Bldg.xlsx".

{2} Provided by Arkema via email on 9/8/2017 in the file "Crosby inv 082817 I'railers Stg Bidgxlsx".

[3]Based on information provided by Arkema, 5% of Lup 11M45 and 131M75 vapor to atmosphere in the September Z, 2017 emission event prior to combustion. Emissions from the
September 2, 2017 event are not included in the emissions associated with the conirolled combustion of the September 3, 2017 event. For the September 3, 2017 combustion, the
remaining product decomposed except diluent {e.g., OMS) and burned with a 93% DRE (ie, 7% of decomposition products and diluent emitted to atmesphere and the remainder
converted to combustion products).

{4} Per TCEQ publication RG-3604/11, Revised February 2012, TECHNICAL SUPPLEMENT 4: FLARES, based on EPA test data, for combustions that do not satisfy 40 CFR 60.18,a93
percent destruction efficiency is assumed. Therefore, for decomposed product Lup 11M45 remaining after vapor release, 7% unburned, and 93% of decomposed part is burned.

{5} Value excludes diluent {e 5., naphtha}.
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0100-29100000 Z+000 A3

9.¥0000 ©30L MY

UOIBLLLIOJU| SSaUlsng [BUSPLUCD

AERMOD Source Inputs
Point Source Inputs
UTM UTM Emission| Stack Stack Stack Stack
Easting | Northing |Elevation| Rate Height |Temperature| Velocity |Diameter
Source 1D Description {m) {m) {m) {g/s) {m] (K) {m/s) (m}
EV2TRLR Event 2 Trailer Vapors 8/31/17 02:00 to 02:30 305,065.9{ 3,314,744.5 15.54 1.0000 4.27 792.0 1.2 12
EVZFIRE Event 2 Fire 8/31/17 02:30 to 04:00 305,060.6{ 3,314,749.7 15.54 1.0000 2.13 1273.2 54 8.2
EV3TRLZ Event 3 Trailer Vapors 9/1/17 17:00 to 17:30 hours 305,031.9{ 3,314,720.9 15.54 1.0000 4.27 792.0 1.2 12
EV3TRL3 Event 3 Trailer Vapors 9/1/17 17:00 to 17:30 hours 305,038.7{ 3,314,721.8 15.54 1.0000 4.27 792.0 1.2 12
EV3FIRE Event 3 Fire 9/1/17 17:30-19:00 hours 305,034.21 3,314,730.1 15.54 1.0000 2.13 1273.2 5.4 13.4
EV4TRL5 Event 4 Trailer 5 Vapors 9/2/17 14:17 to 9/3/17 01:17 hours | 304,927.01 3,314,945.0 15.86 1.0000 4.27 792.0 1.2 1.2
EV4TRL8 Event 4 Trailer 8 Vapors 9/2/17 14:17 t0 9/3/17 01:17 hours | 304,893.2} 3,314,968.1 15.86 1.0000 4.27 792.0 1.2 12
EV5FIRE1 Event 5 Fire 9/3/17 17:40-19:40 hours Trailers 4 5 & 304,918.7¢ 3,314,944.3 15.54 0.5000 2.13 1273.2 5.4 16
EV5FIRE2Z Event 5 Fire 9/3/17 17:40-19:40 hours Trailer 7 304,907.97 3,314,959.2 15.54 0.1667 2.13 1273.2 5.4 8.2
EV5FIRE3 Event 5 Fire 9/3/17 17:40-19:40 hours Trailers 8 9 304,888.8] 3,314,959.7 15.54 0.3333 2.13 1273.2 5.4 134
Area Source Inputs
Initial
UTM UTM Emission | Release | Vertical
Fasting | Northing |Elevation| Rate Height | Dimension
Source ID Description {m) (m) (m) (g/s/mz) {m) {m)
WSTWTROV | Waste Water Overflow 304779.8] 3314858.2 15.82 2.5E-05 1.55 0
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